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Success in electronics is no longer 
the domain of the individual. 
Today, finding a partner who offers 
the right combination of corporate 
resources and experience is the 


key to success in the future. 


Let Fujitsu’s total resources as a 
major force in telecommunications 
technology, Japan’s No. 1 computer 
manufacturer and the world’s 


ASIC leader work for you. 


Fujitsu's record of success extends 
across a wide range of products 


and technologies. 


@ 4-8-16-32 Bit microprocessors 
ISDN components 


DSP building blocks 


DRAMs, SRAMs and EPROMs 


Gate Arrays in CMOS, BiCMOS 
ECL up to 160 000 gates 
@ ASIC design software. 


@ 

@ 

@ Prescaler devices 
@ 
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Let Fujitsu be your partner 


in success, 


Together we can see and go 


yet further! 


MICROPROCESSOR TELECOM GATE ARRAY DRAM DSP MICROPROCESSOR 


NETHERLANDS: Fujitsu Benelux, Europalaan 6/B, 5623 LJ Eindhoven. Phone: (040) 447440. Telex: 59265. Fax: (040) 444158. SCANDINAVIA: Fujitsu Microelectronics Ltd., 
Torggatan 8, 17154 Solna. Phone: (8) 7646365. Telex: 13411. Fax: (8) 280345. UNITED KINGDOM: Fujitsu Microelectronics Ltd., Hargrave House, Belmont Road, Maidenhead, 
Berkshire SL6 6NE. Phone: (0628) 76100. Telex: 848955. Fax: (0628) 781484. 
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GATE ARRAY TELECOM 


GERMANY: Fujitsu Mikroelektronik GmbH, Lyoner Strasse 44-48, Arabella Center 9. OG 6000 Frankfurt 71. Phone: (069) 66320. Telex: 411963. Fax: (069) 6632122. Fujitsu 
Mikroelektronik GmbH, Arbeostrasse 5, 8057 Eching. Phone: (089) 3190990. Telex: 5213905. Fax: (089) 31909922. Fujitsu Mikroelektronik GmbH, Am Joachimsberg 10-12, 
7033 Herrenberg, Phone: (07032) 4085 Fax: (07032) 4088. FRANCE: Fujitsu, Immeuble Le Trident 3-5, Vole Félix Eboué, 94024 Creteil Cedex. Phone: (1) 42078200. 
Telex: 262861. Fax: (1) 42077933. ITALY: Fujitsu Microelectronics, Italia S.R.L. Centro Direzionale Milanofiori, Strada 4— Palazzo A 2, 1-20094 Assago (Milano). 

Phone: (2) 8246170/176. Telex: 318546. Fax: (2) 8246189. 
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Ziatech computers provide distinctive solutions designed 
to put you in control of your application. 


Software | 


for fast development and a 
All Zatech sings : on ie board to the system level, offer the 
PC-compatible software support crucial to quick product development 

and on-line application needs. This support includes operating systems 

(PC DOS, VRTX/, development tools (PC-Assisted Virtual System Console], 
networking software (ViaNet, NETBIOS), device drivers and monitoring and 
control packages. 


yapmeeie's 


for easy configuration i on 
Our anaes are designed for peer, configuration and expansion. 
Multiprocessing, mass storage, expanded memory, industrial 1/0, video 

and networking capabilities can be added quickly with minimal 

system recontiguration. 


f lor fé /j i ap bi } p 
Ziatech onnieee are hast on the compact and reliable STD Bus format. 


Designed to operate in extremely harsh environments, they support RAM and 
ROM disks and will operate without a keyboard or display. 


iatech Quality roel Support 


Fr Fa “> fh Ise P| 
iii you if ap piucation 


Qur computers are edie up by on-line application support, first-class 
documentation and system engineering courses. Ziatech is committed to 
the success of every one of its customers. 


Ca 
05/541- 0488 > 


for free Merature nroviding more details on Ziatech’s line of 


extraordinary industrial computers, call Ziatech today. 


<(||z1arecH 


CORPORATION 


Corporate Headquarters 

3433 Roberto Court 

San Luis Obispo, California 93401 USA 
ITT Telex 4992316 

FAX (805) 541-5088 

Telephone (805) 541-0488 


©Copyright 1989 by Ziatech Corporation. All rights reserved. 
Product names of other companies may be trademarks of those companies. 
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coefficient (+200ppm/°C). 
And maybe most 
extraordinary of all is its ~~~ 
availability from every 
Bourns distributor. You see, -- 
this small, inexpensive fimmer 
— is already available off-the-shelf — 
— from: Hamilton/Avnete TTI _ 
Schweber ¢ Pioneer ¢ Hall-Mark 
Radio Electronics Service Company 
JMar Electronics ¢ ITT Components 
Gerber Electronics. 
No matter how you measure it, Bourns 
3304 comes out on top. Extraordinary. 


THERE’S STILL NO EQUIVALENT 


Bourns, Inc., 1200 Columbia Avenue, Riverside, California 92507; 
(714) 781-5500; European Headquarters: Zugerstrasse 74, 6340 Baar, 
Switzerland: 042-333333; Benelux: 070-874400; France: 01-40033604; a 
Germany: 0711-22930; Ireland: 021-357001; United Kingdom: 

0276-692392; Asia Pacific Headquarters: 1401 Citicorp Centre, S 
14th Floor, 18 Whitfield Road, Hong Kong: (852) 5-702171; Pi Ww 
Singapore: (65) 339-3331; Korea: (82) 556-3619; ah" 
Japan Headquarters: 2nd Floor, Time 24 Building, Pb 

#35 Tansu-cho, Shinijukuku, Tokyo, 162, me gn 
Japan: (03) 260-1411 a : 


qe 
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If you can use these simple tools, 
you can create any waveform. 


The Model 75 Arbitrary 
Waveform/ Function 
Generator lets you create 
and edit waveforms which 
it reproduces with digital 
precision. It’s easy to do, 
because you use a thumb- 
tack and rubberband editing 
system to stretch and shape. 
the waveform on the x-y 
axis while you watch the 
results on your oscilloscope. 

No other arbitrary 
generator lets you design waveforms 
from the front panel this way. 

You can also download and 
modify computer-generated 


© Copyright 1988 Wavetek Corporation 


waveforms. Or use one of the nine 
built-in functions. The Model 75 
memory provides a grid of 8,000 
horizontal and 4,000 vertical 
points for reproducing signals with 
amazing purity. 
You can see that Model 75 
is the wave of the future. 
And it has a price that 
makes it affordable now! 
For literature or a 
hands-on demonstration 
of Model 75, call 
(619) 279-2200. 


Circle 103 for Literature WAVETE K 


Circle 104 for Demonstration 


If you miss the window, 
the profit picture changes. 


® Well-timed market entry contributes to profit and market share. ® Orbit Semiconductor 
is the manufacturing service that enables you to meet critical market windows. ® QUICK 
TURNAROUND is guaranteed on engineering prototypes and volume production IC 
runs. ® CUSTOM process development and HI-REL processes available for military, med- 
ical and industrial products. @ State of the art MOS processes support DIGITAL, MIXED 
ANALOG/DIGITAL, and CCD designs. ® Noncompetitive second sourcing is guaranteed 
since service and quality are our ONLYstandard products. ® Make a well-timed call to 
Orbit Semiconductor and find out how responsive semiconductor manufacturing can add 


to your profit picture. ® Orbit Semiconductor, Inc. 1230 Bordeaux Drive. Sunnyvale, 
CA 94089. Twx 910-339-9307, FAX (408) 747-1263. Or call (800) 647-0222 or (408) 
744-1800. 


SEMICONDUCTOR, INC. 


A subsidiary of Orbit Instrument Corporation. 


What others promise, we guarantee. 


REGIONAL REPRESENTATIVES: East Coast (609) 428-6060, — Midwest (303)530-4520 — West Coast (408)241-8111, (714)253-4626, (602)996-0635, (602)293-1220, (505)888-0800. 


INTERNATIONAL REPRESENTATIVES: Canada (514)481-3313 — U.K. Phone (0372) 377779, Tlx 897628 S.G. U.K.-G, Fax (0372) 376848 — Europe Phone (06031) 61076, Tlx 6031 948, 
FAX (06031) 61788 — Australia Phone (8) 223 5802, Tlx UNIVAD AA89141, Fax (8) 224 0464. 
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On the cover: 8- and 16-bit 
microcontrollers are less expensive and 
more sophisticated than ever before, 
offering a wide variety of modular on- 
chip peripherals that you can add to 
customize your device as your needs 
change. See the Special Report, 
beginning on pg 108. (Photo courtesy 
Motorola Inc; cover concept by Staats 
Falkenberg & Partners Inc; 
photography by Tomas Pantin) 
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SPECIAL REPORT 


8- and 16-bit microcontrollers 108 


Microcontroller prices are plunging. At the same time, 
manufacturers are increasing the variety of peripherals integrated 
on chip. The severe competition in the microcontroller market 
means that system designers can obtain a greater assortment of 
sophisticated, application-specific devices at cutthroat prices. 

— J D Mosley, Regional Editor 


DESIGN FEATURES 


Designer’s guide to microcontroller simulation 131 
Part 1 


Design-verification tests can tell you early on whether your 
product will perform as specified and whether your hardware and 
software will work smoothly together, even under worst-case 
conditions. This article shows how you can use a simulator to 
perform tests that would be difficult or impossible with standard 
hardware.—Anders Gezelius, Archimedes Software Inc 


Troubleshooting analog circuits 145 
Part 10 


The boundary between the analog and digital worlds confounds 
and frightens all too many engineers. Armed with the solid 
theoretical foundation and insights presented in this installment, 
you can keep your journey into the analog/digital world from 
seeming like a visit with Peter Pan. 

— Robert A Pease, National Semiconductor Corp 


Continued on page 7 
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Prime resonators 


Surface-acoustic-wave 
expertise and technology 
from a leader in the field 


SAW resonators on quartz from 
Siemens work in a fundamental 
mode covering frequencies from 
200 through 1000 MHz. 

This makes them excellent solu- 
tions for demanding telecom 
applications when you're imple- 
menting narrowband filters or 
frequency-determining elements 
in oscillators. 


Being on quartz they give you 
extra benefits like 

e aging rates of as little as 

+ 5 ppm/ year, 

e very low dependence 

on temperature, 

e high Q of typically 6000. 


And because they’re SAW-based 
you get 

e significant reductions in single- 
sideband phase noise, 

e extremely precise structures 
through the unique lift-off 
process, 


CIRCLE NO 30 


e center-frequency tolerances 
of + 300 ppm with standard 
products and + 50 ppm with 
hi-rel devices. 


SO if you’re into designing remote 
controls, security systems, high- 
precision measuring instruments, 
radio-relay or satellite communi- 
cations or even radar, start your 
application off with the best 
vibrations from the Siemens 
spectrum of SAW devices. 


For more information contact 
your nearest Siemens sales office 
or write: 


Siemens AG, 

Division Passive Components 
and Electron Tubes, PRVF 
BalanstraBe 73, 

D-8000 Munchen 80, 

West Germany 

quoting “Prime resonators”. 


The components make it - 
Siemens 
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TECHNOLOGY UPDATES 


Thermostat packaging adds 63 
design flexibility 


Continued from page 5 


Today’s high-density transistors and crowded surface-mount ICs 
warrant a new look at thermal-protection devices: Thermostats 
available in standard package styles make it easy to implement a 
temperature-control system right on your pc board. 

—Anne Watson Swager, Associate Editor 


As EISA enter the ring to challenge 

MCA, you should compare their 

capabilities before developing new : 

boards for either bus (pg 75). A program guide for EISA vs MCA 75 

Before developing new bus boards, manufacturers should 

consider the credentials of both IBM’s Micro Channel Architecture 
(MCA) and the new contender in the add-in-board market—the 
Extended Industry Standard Architecture (EISA).—John Gallant, 
Associate Editor 


Programmable logic: : 91 
PLD architectures require scrutiny 


When you look at high-gate-count programmable devices, 
whether PLDs or field-programmable gate arrays, you'll see a 
variety of architectures. To select the device that best suits your 
application, you must examine the strengths and weaknesses of 
each device.—Doug Conner, Regional Editor 


PRODUCT UPDATE 


RISC pP 103 

EDN magazine 

now offers DESIGN IDEAS 

Express Request, Transistors boost difference amp 165 
a convenient way Program generates pseudonoise 166 
to retrieve e product Three methods protect pP I/O lines 168 
information by Optoisolators protect solid-state relay 170 
phone. See the Hex error messages suit assemblers 172 
Reader Service Feedback and amplification 172 


Card in the front | Continued on page 9 
for details on how 
to use this free 


Service. 
Cahners Publishing Company, A Division of Reed Publishing USA CL) Specialized Business 
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1 Electronics & Computers 1 Interior Design 0 Printing 1) Publishing CJ Industrial Research 
Request xpress! & Technology (] Health Care 1] and Entertainment. Specialized Consumer Magazines: 
(1) American Baby L] and Modern Bride. 
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NKK’S new 400-page Big Cat. 
makes your job easier. 


A lot easier. 


NKK’s new Big Cat. — biggest catalog in Plus finding and ordering the exact switch 
the switch jungle — has the power to help you need has never been easier. 
you tame the toughest tasks. The Big Cat. Put the power of NKK’s new Big Cat. to 
quickly tracks down over 873,000 different work for you. FAX 602/998-1435 now for fast 
switches and 38 distinct switch families, shipment of your free copy. You can also call 
including the industry’s largest selection 602/991-0942 or write 
of washables. NKK Switches, 14415 Re 

Page after page of precision dimensional _N. Scottsdale Road, switch eg 


drawings make design-in simpler than ever. Scottsdale, AZ 85260. 
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EDITORIAL 51 


Many people have helped develop and promote computer buses. 
Here’s an opportunity to recognize a bus-industry leader. 
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THE YEAR 
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You're looking at the class of ’89—the best 
computers of their generation. 

The 32-bit microprocessor that powers each 
of them is also in a class by itself. It’s Motorola’s 
68030, the latest offspring of the 68000 family 
—the most popular microprocessors ever. 

In just ten years we've sold over 25 million 
of these chips. And they’re now moving at the 
rate of 10 million a year. 

What's more, if you take a look at everything 
from $12,000 personal workstations to $350,000 
supercomputers, you'll find that the 68000 
family is the power behind nearly two-thirds 
of these 32-bit microprocessor based systems. 

Though just one year old, the 030 is already 
proving itself in its own right. By shipping at a 
rate four times greater than any of its siblings. 

Butit’s no surprise. After all, the 030 is 
compatible with every bit of the $4 billion worth 
of software that’s been developed for the 68000 


TURNED 
O30. 


family (including over 3,000 engineering appli- 
cations). So any of the 030-based systems you 
see here can be put to work immediately. With- 
out obsoleting your existing 68000-based 
systems and without waiting for new software. 

And with its mainframe-like parallel archi- 
tecture, the 030 is the first microprocessor to 
offer clock speeds of up to 50 MHz, pushing 
performance into the 12 million instructions per 
second (MIPS) range. Which means the systems 
you see here are, in a word, screamers. 

lo experience computing at its best, see the 
companies that make these 030-based systems. 
Better still, talk to the company that makes 
them all possible. Call Motorola at 1-800-441-2447 
or contact the Motorola 


Semiconductor sales office — winner fi National” 
1988 Quality 
nearest you. Award 


Quick, before the world Ba 


turns 040. 
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Alpha Micro 3000 


Motorola Delta Series 3000, Model 3200 


Apollo Domain 3500 
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Harris Nighthalk 
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Cetia Unigraph 1000 
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NEC Astra XL family 


MOTOROLA 


©1989 Motorola Inc. 
All brand and product names are registered trademarks or trademarks of their respective holders. 


HCL America M3020 


Nixdorf Targon 
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Universal CMOS PAL 
devices have always looked 


good on paper. 


Bruxelles (022) 771 91 42 « Geneva (02) 2880025 * Hannover area (0511) 73 60 85 * Hong Kong (5) 8654525 » London area (0483) 740440 »« Manchester area (0925) 828008 * Milano (02) 3533241 » Munchen (089) 41 14-0 « Osaka (06) 243-3250 
Paris (1) 4975 10 10 « Seoul (02) 784-7598 * Singapore (65) 348 1188 * Stockholm (08) 733 03 50 « Stuttgart (0711) 62 33 77 + Taiwan (02) 7213393 * Tokyo (03) 345-8241 « Latin America, Fort Lauderdale. Florida/U.S.A. Tel: (305) 484-8600 TIx: (510) 955-4261 
amd ftl PAL is a registered trademark of Advanced Micro Devices, Inc. GAL is a registered trademark of Lattice Semiconductor. ©1989 Advanced Micro Devices, Inc. 
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ADVANCED 


901 THOMPSON PL 
. BOX 3453 


SHIP WIA 


Our Universal PALCE 16V8 20-pin device runs 
at I5ns using only 90mA. Its fully pin-out, function and 
fuse map compatible. Use it anywhere youd use a 
GAL?® device. 

The PALCE22V10 is also flexible. It's just like the 
bipolar 22V10 with 25ns speed, but it requires as little 
as mA. 

Both chipsare electrically erasable which makes 
your life easier And because they're 100% tested parts, 
you get almost perfect programming and post- 
programming functional yields. You can program and 
reprogram them until they're just the way you want 
them. And faster versions are on their way. 


We sell more PAL? devices than all our 
competitors. Combined. 

That means reliable high volume supply, a 
huge, smart army of FAEs and all the software, pro- 
ramming and testing support youd expect from 

the leader. 

Because no matter how our universal CMOS 
PAL devices look on paper. they'll look a lot better 
in your design. 


Advanced Micro Devices ct 


For more information write “Universal CMOS PAL Devices” on your letterhead and mail to: 
AMD Mail Operations, P.O. Box 4, Westbury-onTrym, Bristol BS9 3DS, United Kingdom. 


(In Asia) AMD Far East Ltd., Rm. 1201-2 Harcourt House, 39 Gloucester Road, Hong Kong, Attn: Andrew Ng. (In Japan) AMD Japan Ltd., Shinjuku Kokusai Bldg., 6-6-2 Nishi-Shinjuku, Shinjuku-ku, Tokyo 160, Japan 
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...... Analog Dev ces’ new sv BICMOS DACs offerte b best of both worlds -the speed ni precision of Bipolar, conbined with 
th ap ‘power of CMOS logic. . 

 Ournew BiCMOS DAC family: is oe most complete offering of full function DACs available anywhere - —nine high 
rformal ince, cost effective models with resolutions ranging from 12 to 18 Bits. 

Ea 1D AC features a precision output amplifier and high-speed bus interface, and most models include a stable 

on-chip reference. Nhich means there’s no need for external prstapbs references or glue logic. And no need to Panag 
“+ 0 of data sheets or r fuss with “eee error Seas, Quite — ¥,0 our mDACsa are vena to ee w just pla oe inand 
ieviethaisiel : oe - - 
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DACPORT is a trademark of Analog Devices, Inc. 


ICMOS DACs, _ 
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We have nothing against SRAMs. 
As a matter of fact, VLSI’s SRAMs will 
run circles around anything most of our 
competition has to offer 

But if you’re looking for a way to 
pump some speed into an embedded 
controller application and get the most 
mileage for your money, take a look at 
the new VL86C020. 

It’s the only 32-bit RISC processor 
with the ability to go 10 MIPS at 


16 


20 MHz running on regular DRAMs 

Not premium SRAMs. Not high- 
octane video RAMs. Just plain, everyday 
inexpensive 120ns DRAMs. 

How do we do it? Simple. 

We used our SRAM expertise to put 
cache memory on board the VL86C020. 

Now 93% of the data and instructions 
needed by the processor are in the cache 

And if you think all this performance 
turns the VL86C020 into a power 
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guzzler, you’re wrong. Typically, it sips and more information on our entire 

half a watt. RISC family and development tools, call 
So you can forget about buffers and —_1-800-872-6753, your local sales office or our 

cooling systems authorized distributor, Schweber Electronics. 
The VL86C020 from VLSI will be We'll show you how to get on the 

better down the road, too. superhighway for embedded control. 
Even when our new 30 MHz version Without paying the toll. 

hits the street it will still run on the 


same DRAMs. And it will still use the 


same memory interface. 
For a free brochure on the VL86C020 VLSI “TECHNOLOGY, INC. 
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Test development today: 


The write way 
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The right choice is 

HP’s Interactive Test 
Generator for faster, 
easier test development. 


If the task of writing code 

is taking you away from test 
engineering and turning you 
into a full-time programmer, 
you ll welcome a faster, easier 
method of test development. 


Meet HP’s new Interactive 

Test Generator (ITG) software. 
It gives you an easy-to-use 
interface and automatically 
writes complex code for your 
test systems. Simple mouse- 
controlled instrument panels 
and menu-driven commands 
make test development intu- 
itive. No need for manuals when 
programming new or unfamil- 
iar instruments. HP ITG chooses 
the right command and sends 
it... automatically. 


With HP ITG, HP BASIC and 

an HP 9000 Series 300 computer, 
you ll cut development time 
dramatically. You can run your 
final programs on any HP BASIC 
workstation. Or on a PC, using 
HP’s BASIC Language Processor. 


Call for your 
FREE demo disk. 


See for yourself how HP ITG 
works. Call your local HP sales 


office today. We'll send you a 
FREE demo disk. Right away. 


There is a better way. 


HEWLETT 
PACKARD 
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At HP, we've got all the fiber-optic 
components you need. And all ata 
price that’s good for your health. 


Our HBFR-0400 family of 820 nm 
fiber-optic transmitters and 
receivers provides cost-effective 
fiber-optic links of up to 4Km. 
With no assembly time. 


The 125 MHz analog receiver is 
designed for high-speed data links, 
providing data rates of up to 
1I50MBad. And its wide dynamic 
range is compatible with the IEEE 
802.3 FOIRL standard. 


The transmitters are specified 
with four types of fiber and are 
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High in fibe 


designed for high-speed trans- 
mission, such as with TAXIchip 
links. 


Both the transmitter and receiver 
are compatible with popular ST and 
SMA connectors. 


HP’s HFBR-0501 Versatile Link 
family includes a complete line of 
665 nm fiber-optic transmitters, 
receivers, connectors and cable. 
All designed to provide you witha 
low-cost solution. 


Our wide range of plastic cable and 
connector options includes simplex, 
duplex, latching and non-latching. 
Which offers you a cost-effective 
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alternative to copper wire while it 
provides design flexibility. 


Best of all, they’re from HP. So 
you re always assured of HP’s com- 
mitment to excellence in service, 
support and reliability. 


For a free information package 


describing our full line of fiber- 


optic solutions, call 1-800-752-0900, 
ext. Z19R. It’s the best way to get 
your fiber. 


There is a better way. 


G 


HEWLETT 
PACKARD 
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PC/AT-COMPATIBLE STD-BUS CPU BOARD OPERATES AT 20 MHz 

The MCM286AT-20-2M STD-Bus CPU board from WinSystems Inc (Arlington, TX, 
(817) 274-7553) exceeds the performance of an IBM PS/& Model 80 computer. Bench- _ 
marks yield a performance of 37935 Dhrystones. This board is hardware and software | 
compatible with the IBM PC/AT and can run real-time executives, diagnostic soft- 
ware, and hardware-dependent programs developed for the PC/AT. The MCM&86AT-20- 
20M contains as many as 2M bytes of parity RAM, 128k bytes of EPROM, two DMA 
channels, 15 interrupt channels, a battery-backed real-time clock, battery-backed 
configuration RAM, Phoenix BIOS, a speaker, a keyboard controller, two RS-2352C 
channels, a Centronics printer port, a watchdog timer, and a reset switch. The $1995 
board operates as much as 834 times faster than a standard IBM PC/XT. To ensure 
compatibility with slower memory or I/O boards, the MCM&86AT-80-M automatically 
switches speeds when accessing the STD Bus.—dJ D Mosley 


HIGH-ACCURACY FREQUENCY STANDARD LOCKS TO LORAN 

The FS700 loran-C frequency standard from Stanford Research Systems 
(Sunnyvale, CA, (408) 744-9040) delivers 10 long-term frequency stability and 10°° 
(optionally 107") short-term stability for $4950. The unit operates by locking the 
frequency of its internal, 10-MHz, oven-stabilized crystal oscillator to the highly 
accurate cesium-clock-controlled loran-C transmitter pulses. The FS70O provides four 
10-MHz outputs for use as time-base inputs to other instruments and a divided 
output in a 1-2-5 sequence from 0.01 Hz to 10 MHz. An internal phase detector lets 
you compare the divided output with an external signal for calibration of external 
sources. A remote active whip antenna included with the unit receives the loran-C 
signal.—Doug Conner 


33-MHz RISC CHIPS AVAILABLE IN SAMPLES 

Motorola’s Microprocessor Products Group (Austin, TX, (512) 891-2859) is now 
sampling the 35-MHz versions of the 88000 microprocessor. The higher-speed proces- — 
sors, produced using 1.2-~m technology, follow the earlier 20- and 25-MHz versions 
and are rated at 28 MIPS. According to Motorola, the chips achieved benchmark 
performance of 64,500 Dhrystones and 35M single-precision Whetstones. The sample 
price for the 33-MHz 88100 CPU is $894; the 33-MHz 88200 cache/memory-manage- 
ment unit costs $1171. Delivery is 90 days ARO.—Michael C Markowitz 


MODULE PROVIDES COMPLETE RISC CPU CORE 

The IDT7RS101 from Integrated Device Technology (Santa Clara, CA, (408) 727- 
6116)) is a fully assembled and tested RISC CPU core on a 5.7 X6.5-in. module. It 
comes in 12-, 16-, 20-, and 25-MHz speed grades and provides a way of incorporating 
RISC technology into your product without an extensive design effort. The module 
includes a 79RSOOO processor, 64k bytes each of instruction and data cache, and 
address and data read and write buffers. A 79R3010 floating-point processor is avail- 
able as an option. 


To speed your RISC-based product’s development, IDT is also offering the 79RS501 
development board. This board accepts a 7RS101 module and adds to it a debug 
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monitor program, 1M byte of SRAM, and two serial ports. You can use the develop- 
ment board to exercise the 7RS101 module or to test software development. The 
board costs $3000; the modules cost $1856 to $3396 (100), depending on their speed 
- specification.—Richard A Quinnell 


SOFTWARE LETS YOU CONNECT YOUR MAC II TO IBM’S SNA NETWORK 
To simplify the task of data communications between your Macintosh II and your 
company’s IBM AS/400 or System 56/38 mainframe, KMW Systems Corp (Austin, TX, 
(518) 358-5000) has developed ApLINK, a program that provides file-transfer and 
terminal-emulation capabilities. Your Macintosh needs an Apple Coax/Twinax board 
and Finder or Multifinder system software. ApLINK lets you open as many as seven 
simultaneous sessions and enables your Macintosh to emulate the functions of an 
IBM 5251 terminal. This capability lets you access data that is stored in the IBM 
PC and use it in Macintosh software programs such as spreadsheets or word proces- 
sors. The program costs $395.—J D Mosley 


DIGITAL SAMPLING OSCILLOSCOPE HITS 34 GHz 

The HP 54185T digital sampling oscilloscope from Hewlett-Packard (Palo Alto, CA, 
(800) 758-0900) raises the band-width ceiling for general-purpose digital sampling 
scopes from 80 to 34 GHz. The 4-channel scope comprises an HP 54180B mainframe 
and an HP 54183 test set. A built-in time-domain reflectometry unit lets you perform 
transmission line measurements. The $34,800 instrument also has statistical analy- 
sis and histogram capability to help you make quantitative noise, jitter, and eye- 
pattern measurements.—Doug Conner 


500M-BYTE HALF-HEIGHT DRIVE OFFERS 15-MHz TRANSFER 

Selling for $1560 (OEM), the Wren VI 5’4-in., half-height, hard-disk drive from 
Imprimis (Minneapolis, MN, (618) 936-6271) uses zone-bit recording to provide a 
data-transfer rate of 15 to 21 MHz. This drive has an unformatted capacity of 502M 
bytes, an average seek time of 16 msec, and an MTBF rating of more than 40,000 
hours. The unit comes with an embedded SCSI interface.—J D Mosley 


CONTROLLER SIMPLIFIES HANDLING OF NONCACHEABLE MEMORY 

Austek Microsystems’ (Santa Clara, CA, (408) 988-8556) 386 cache controller, the 
A38202, includes logic that eases the use of cache memory in a system having 
coprocessors and memory-mapped I/O units. The device handles direct-mapped or 
2-way set-associative caches of 38k to 128k bytes for CPU clock speeds as fast as 
66 MHz. 


The A3820R’s additional logic lets you define as many as three address ranges 
that are noncacheable. The controller passes any memory access in those ranges out 
to main memory. You can define a region to be noncacheable only for write opera- 
tions, thus letting you cache PROM memory without altering the PROM image. The 
device also detects memory cycles intended for either the Intel 387 or Weitek 3167 
coprocessor and disables cache during those cycles. It costs $98 (10,000) and will 
be available in November.—Richard A Quinnell 
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TRW LSI Products — 
Bringing the worlds 


of Data Acquisition 
and DSP together. 


Digitize. Manipulate. Process and display. That's what imaging 
system design has come to. And, it's your job. To design the 
image processing system of tomorrow. For a new breed of 
modern artists in imaging, video special effects, medical 
electronics and satellite mapping. 


At TRW LSI Products, we've got your design in mind. Our 
converters and image processing components provide com- 
patible and cost-effective solutions for your design objectives. 
We've got the fundamental functions, complex algorithms, 
processing speeds and resolutions to meet your needs. 


Digitizes Original Image 


TDC1038: Low-power 1048 A/D, 8-bits, 20MSPS 
TDC1048:  Industry-standard A/D, 8-bits, 20MSPS 
TDC1058: Low-cost A/D, 8-bits, 20MSPS 


Manipulates New Image 


TMC2301: Resampling Sequencer, 12-bits/side 20, 
15, 18 and 20MHz 
TMC2302: Imaging Engine, 24-bits/side 3D, 40MHz 


Processes New Image 


TMC2208: Fixed Pt. Mult/Accum., 88-bits, 25MHz 
TMC2246: Image Filter, 10 114-bits, 40MHz 
™MC2249: Video Mixer, 1212 X2-bits, 30MHz 
TMC2250: Matrix Multiplier, 1012 9-bits, 40MHz 
TMC3211: Integer Divider, 32-bit, 20MHz 


Displays Manipulated and Processed Image 


TDC1018: D/A, 8-bits, 125 and 200MHz 
TDC1318: D/A, Triple 8-bit, 200MHz 
TDC1012: D/A, 12-bits, 20MHz 
TDC1112: D/A, 12-bits, SUMHz 


Turn your next design into a work of art 
with imaging solutions from TRW LSI Products. 


TRW LSI Products Inc. In the Orient, phone: 
P.O. Box 2472, La Jolla, CA 92038 Hong Kong, Tektron, 3.880629; 
619.457.1000 Tokyo, Dia Semicon, 3.439.2700; 
Kawasaki, Teksel, 44.812.7430; 
In Europe, phone: Taipei, Sea Union, 2.751.2062: 
TRW LSI Products Inc. Seoul, M.S., 2.553.0901; 
Munich, 089.7103.115; Singapore, Seamax, 65.445.1828: 
Guildford (U.K.), 0483.302364 Australia, Email, 613.544.8244 


TRW LSI Products Inc. 


©TRW Inc., 1989 - 712A0289 
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CMOS SPARC PROCESSOR RUNS AT 40 MHz 

Cypress Semiconductor has introduced a 40-MHz speed grade for its CY7C601 proc- 
essor. The processor implements the SPARC 32-bit architecture. It has a 4-stage 
pipeline, 156 general-purpose registers, and a 32-bit virtual address space. It is 
fabricated in 0.8-4m CMOS, comes in a 207-pin PGA, and costs $895 (100). 
—Richard A Quinnell 


PROGRAMMABLE DIGITAL I/O MODULE RIDES THE VXI BUS 

The $1995 73A-412 digital I/O module from Colorado Data Systems (Englewood, 
CO, (503) 768-1640) plugs into the VXIbus and provides 80 bidirectional, digital I/O 
lines. The 80 lines are organized as 10 8-bit ports, and you can configure each port 
as an input or output. The ports communicate with external devices by using a 
&-wire handshake and a 3-state enable pin. Each of the TTL- and CMOS-compatible 
digital I/O lines can sink 24 mA.—Steven H Leibson 


FDDI NODE CONTROLLER OFFERS 1OOM-BYTE/SEC DATA RATE 

The V/FDDI 3211 node controller from Interphase Corp (Dallas, TX, (214) 350-9000) 
lets you connect your VMEbus-based computer System to a Fiber Distributed Data 
Interface (FDDI) fiber-optic LAN. Packaged on a double-height 6U VME board, the 
$8000 V/FDDI 3211 contains 64k bytes of 52-bit-wide, 70-nsec, dual-ported RAM and 
is capable of transferring data at 100M bytes/sec. A RAM buffer controller and DMA 
chip manage onboard data transfers. You can configure two 321ls for some degree 
of fault-tolerant operation.—J D Mosley 


KIT EASES EVALUATION OF HIGH-SPEED, 3-STATE PIN DRIVER | 
The EV-403A/B evaluation kit from Pulse Engineering (Torrance, CA, (213) 515- 

5550) lets you check out the characteristics of the company’s 100-MHz PT-403 3-state 
pin driver. The EV-403A has one driver; the EV-403B has two. The EV-403B splits 

the input signal into a pair of nearly identical 500 outputs with output-high levels 
adjustable to greater than 4V into 500 or 8V into 1 MQ. The EV-403B outputs’ edge 
skew is 500 psec typ. You can set the output levels to a common value with + 50-mV_ 
‘resolution (+5%). Prices for the evaluation kit start at $145: the PT-403 is $36.25 
(1000).—Margery Conner | 


REAL-TIME FRAME GRABBER PROVIDES 40-MHz SAMPLING RATES 
Capable of capturing images from both analog and digital sources, the HI*DEF 
Display System from Imagraph (Chelmsford, MA, (508) 256-4624) plugs into your 
IBM PC/AT or compatible computer and displays data at sampling rates reaching 40 
MHz. Using separate boards for frame grabbing and display buffering, the HI*DEF 
system provides a 1880 x 1084 x 8-pixel resolution with a palette of 16.7-million col- 
ors and an optional &-bit overlay. An alternating-buffer scheme permits real-time 
capture and simultaneous display without producing scan lines on your monitor’s 
display. The 8-board set sells for $6995. With a daughter board that provides 4- 
channel analog frame grabbing, the set sells for $8995. You can order the frame- 
grabber board alone for $3495.—.J D Mosley | 
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V’ from The Switch Expert 


Reliable switching is the backbone of your front UNMATCHED EXPERIENCE 

panel assemblies. When your business depends on Sixty years of leadership in the design and 

it, choose the leader in switching technology. manufacture of custom, high quality switches is 
RELIABLE MEMBRANE SWITCHES | your assurance of the right product, the first time. 
Count on CRL’s Monopanel” membrane switches for Whether you need a quote, technical 

millions of failure free operations. The contacts are assistance, prototypes, or just-in-time 

sealed from harsh environments and the flat front delivery, call CRL for your complete front 

panels are easy toclean.  — _ panel needs. 


UNLIMITED COMPONENT SELECTION 
CRL integrates displays, active and passive 
components, EL backlighting, tactile feel, 
interconnects, and bezels. Monopanel’s 
crisp graphics, vivid colors, and true 


ule 


textures will captivate you. CRL Components, Inc. 

SAVE TIME, REDUCE COST | West Allis, Wisconsin 53214 
Vertical integration and automation. ..CAD, graphics Telephone: (414) 256-5232 

lab, PCB’s and auto component attachment. . . FAX. (414) 256-5252 

reduces your installed cost and supplier base. A Cambridge Electronic Industries Company 
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power splitters 
combiners 


the world's largest selection 
2KHZ to 4.2GHZ from $995 


With over 150 models, from 2-way to 48-way, 0° 90° and 180° a variety of pin and connector pack- 
ages, 50 and 75 ohm, covering 2KHz to 4200Mtz, Mini-Circuits offers the world’s largest selection of 
off-the-shelf power splitter/combiners. So why compromise your systems design when you can 
select the power splitter/combiner that closely matches your specific package and frequency band 
requirements at lowest cost and with immediate delivery. 


And we will handle your 

“special” needs, such as 
wider bandwidth, higher 
isolation, intermixed | 
connectors, etc. courteously 
with rapid turnaround time. 


a ae ae , , ion a oe ff } 


A Sivisiaicet Sclentific Conpenants eopention 
yp P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 

, Domestic and International Telexes: 6852844 or 620156 
Of course, all units come with 


Our one-year guarantee. 


For detailed specs and performance 
data, refer to the MicroWaves Product 
Directory, Gold Book, or EEM. Or 
contact us for our free 64-page 

RF /IF Signal Processing Guide. 


C107-1 REV. ORIG. 
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The smart choice in board testing 


The L350 combinational board tester. 


Now there's a combinational board tester that helps you 
test the most challenging VLSI technologies — from high- 
speed VLSI and ASICs to mixed signal and scan. The 
L350 has 20 MHz digital, SuperFast Analog,™ and auto- 
mated boundary scan testing. And over 3,000 test pins. 

What’s more, you don’t have to be a programming 
whiz to get great test results. The L350 has expert soft- 
ware that reviews PC board testability before you com- 
mit to artwork. Its advanced knowledge base generates 
accurate, repeatable in-circuit and cluster tests. And it 
analyzes test results, providing one clear repair mes- 
Sage per fault. 
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is the smartest board tester. 


The L350 gives you smart hardware too, with multi- 
ple dedicated processors for highest analog and digital 
throughput. Now, in thirty seconds or less, you can 
get 100% interconnect coverage, 100% device cover- 
age, and 100% pin-level fault coverage on dense, com- 
plex boards. Just the answer for automated and JIT 
manufacturing. 

Best of all, using the L350 with our BoardWatch’ test 
quality management software is a very smart business 
strategy. Because by finding VLSI faults fast, diagnos- 
ing them accurately, and using the information to 
eliminate defects at their source, you'll get new, 
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advanced products to market more efficiently. 

With brain power like this, even difficult test prob- 
lems become easy to solve. You'll start testing fast 
with low operating costs and highest circuit board 
ylelds at system assembly. 

So if you’re thinking about a new combinational 
tester, make a smart call. Contact Daryl Layzer at 
617-482-2706, Ext. 2808 for more information 
about the new | | \\N ie 
L350 VLSI =) Vb 4) |= 
Board Test | alll las ” 
aren =| ~ee~ 
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There’s a new standard 


~~ 


for functionality, ease-of-use and price. 


We set some tough goals for ourselves in 
designing the T1-68. It had to have the 
powerful functions that technical profes- 
sionals need. It had to be easy to use. And it 
had to provide all of this at a substantially 
lower price than the competition. 

We met all of our goals and then some. 
The T1-68 has 254 useful functions. It solves 
up to five simultaneous equations with real 
or complex coefficients. A prompting system 
guides you through all entries and results. 
You can handle the complex numbers exactly 
the way you want, without entering a special 
mode. The T1-68 evaluates 40 complex number 
functions and lets you choose polar or 
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The IT-68. 


rectangular forms for entries and results. 

It also lets you easily check your equations 
with a 12-character alphanumeric display 
that can scroll through up to 80 characters 
for long equations. And, the last equation 
replay feature lets you edit or check the last 
computation without having to go back and 
reenter it. 

In addition, when you need to solve 
quadratic, cubic or quartic equations, the 
T1-68’s polynomial root finder will calculate 
the real and complex roots — automatically. 

Working with number bases and conver- 
sions are also no problem. Perform arithmetic 
functions in decimal, hexadecimal, octal or 
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binary. And it does Boolean logic operations, too. 
The T1-68 provides up to 440 program 
steps for as many as 12 user-generated formulas. 
It even stores up to 36 values in memories with 
user-defined alphanumeric names. 
The T1-68 has what you’ve been looking 
for — the right functionality at the right 
price. See and try it at a nearby retailer, or 


call 1-806-747-1882 for additional informa- 


tion and to request free product literature. 
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Looks almost like the 
filter chip he wants 


A few companies are getting close 
to producing the filter chip I want. 
Sierra Semiconductor has the 
$C22324 eighth-order switched- 
capacitor filter that holds the filter 
parameters in EEPROM. That data 
is clocked in serially, then saved to 
EEPROM. 

Linear Technology has the 
LTC1064 quad switched capacitor, 
but it uses external resistors. 
Maxim has the MAX 260 series dual 
universal second-order switched- 
capacitor filter that can hang on a 
processor bus; this feature is great 
if you have a processor, and your 
filter needs to be tunable. Finally, 
Xicor has the EEPot, a potentiome- 
ter that is set by a serial EEPROM. 

What I’d like to see is a universal 
filter (could be pure analog or 
switched capacitor) that is tuned 
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DALE ELECTRONICS, INC. 
» « » a VISHAY Company 
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with an on-chip EPROM. The use 
of pure analog, instead of switched 
capacitor, allows the chip to work 
without a clock, further simplifying 
the outside circuitry. A typical ac- 
tive bandpass filter consists of an 
op amp, two capacitors, and three 
resistors. If we make the capacitors 
fixed and allow each of the resistors 
to be adjusted, using 1 or 2 bytes 
of the EPROM, we’d need 6 bytes 
of storage per filter. 

To make programming easy, the 
chip should look like an EPROM 
when the V,, pin is brought up to 
a high voltage of 12.5 to 25V. Ifa 
24-pin package is used, the chip 
could emulate a 2732 during pro- 
gramming, allowing thousands of 
existing programmers to be used. 
When V,, is removed, the chip looks 
like a bunch of filters. Again, with 
a 24-pin package, we could put at 
least 10 filters in the package, giv- 


VV 


ing each its own input and output 
pins. 

Is such a chip possible? Would 
anyone besides me buy them? I'll 
look forward to hearing responses 
from other EDN readers. 

Harold Hallikainen 
Hallikainen & Friends 
San Luis Obispo, CA 


Network provides access 
to global technologies 


We read, with great interest, Jon 
Titus’s editorial, “Coordinate sci- 
ence and technology R&D,” (EDN, 
March 2, 1989, pg 45). As a part of 
NASA’s outreach program to help 
American industry gain access to 
valuable global technologies, 
NERAC is a leader in technology 
transfer. The company was founded 
in 1966 to provide American indus- 
try access to technical and business 


And we'll provide the 


temperature sensing solution. 


~~~ Tell us the temperature sensing problem you need to 
solve. Chances are good we’re already producing an NTC 
“\__ thermistor with a R-T curve to match. Dale® has become 
“Ss. one of the nation’s leading thermistor suppliers — and our 
capabilities are steadily growing, with a wide range of 
standard chip and leaded styles, plus assemblies specially 
designed to meet your mounting requirements. 


For prompt response to your sensing requirements 
contact: Thermistor Dept., Dale Electronics, Inc., Box 26728, 
El Paso, Texas 79926-6728. Phone (915) 592-3253. 


‘DALE, 


Dale Makes Your Basics Better 


CIRCLE NO 1 


33 


SIGNALS & NOISE 


information drawn from NASA and 
other governmental agencies, as 
well as professional and academic 
organizations. 

Our resources include databases 
in chemistry, electronics, metal- 
lurgy, engineering, patents, life sci- 
ences, marketing and management, 
and many others. Among our US 


governmental databases is the Fed- 
rip database, a product of the De- 
partment of Commerce, which pro- 
files Federal Research in Progress. 
Although Fedrip doesn’t completely 
resolve the problem you highlight 
in your editorial, it does provide 
businesses an in-depth view of re- 
search activities conducted with 


Unshakeable Quality 


from Standard Grigsby 


Our vibration-resistant SG-OE1 Series Optical 
Encoders feature a unique interlock design to assure 
perfect alignment for positive switching every time. 


@ Low Power Consumption 
@ With or Without Pushbutton 


@ TTL Compatibility 
@ Available NOW 


Place your order today. . 
To receive your introductory sample, send $9.95 with 
your request on your company letterhead. 


Ask about our complete line of encoders 


STANDARD 
GRIGSBY 


920 Rathbone Ave./PO. Box 1528, Aurora, IL 60507-9990 USA 


312/844-4300 


Fax 312/844-4286 
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taxpayer monies. 

Based in Tolland, CT, with a net 
work of representatives nation- 
wide, NERAC provides technology 
assistance to a [variety] of busi- 
nesses, large and small. Partici- 
pants work with NERAC’s staff of 
skilled technical experts to investi- 
gate information germane to their 
needs or problems, drawing upon 
NERAC’s vast store of databases 
and federal liaisons as resources. 
Retrieved information may be in 
the form of a retrospective review 
of relevant published reports and 
papers, or a periodic update of the 
latest developments in a given 
topic. 

The company works with busi- 
nesses of all sizes, operating in a 
broad spectrum of industries na- 
tionwide. In addition to our stan- 
dard participation agreements, 
which are a year in duration, 
NERAC offers special services to 
small businesses of 25 or fewer em- 
ployees and entrepreneurs vying 
for Small Business Innovation Re- 
search monies. 

Nan R Cooper 

Manager, Communications 
NERAC Inc 

Tolland, CT 


Parallel problems 
in AM stereo and HDTV 


Three cheers for your editorial on 
HDTV (EDN, July 20, 1989, pg 53). 
Ten years ago you published my let- 
ter predicting the demise of AM 
stereo because it did not address 
AM radio’s main problem, program 
content. Today, TV has the same 
program-content problem. Flash 
and trash news, advertisements 
containing obvious lies of omission, 
and entertainment programs that 
have overused plot formulas and 
stereotyped characters will be just 
as offensive and boring in high reso- 
lution as they are now in low resolu- 
tion. 

James Long 

Sunnyvale, CA 
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INTRODUCING ADC700 


ew 16-Bit ADC with 
Direct uP Interface 
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Easy, Instant 


=tface 


/00's output buffer 

1 makes 
icroprocessor 

facing fast and easy. 
3 latch permits the 
fevious word to be read 
‘anytime during 
nversion of the next 
word, improving 
hroughput and relaxing 
ming requirements on 
software interrupts. 


A Com plete, Low Noise, @ Linearity error of And it keeps up with the 
. +0,003% FSR, max speed of the newer, 
Low Cost H IG h @ 17us conversion time to | faster microprocessors 
i 16 bits with 50ns bus access and 
| Solution Performance ® Transition noise 70ns bus relinquish times. 
ADC700 comes irae eran bi (3op-p) of +0.001% FSR | Output data may be in 
complete with 16-bit A/D @ No missing codes to 14 | serial or parallel format. 


squeeze out greater bits over temp And, a serial data strobe 


+ converter, laser-trimmed 


resolution. A wide choice | @ Temperature ran f 
reference, clock and 8 | Crinput and temperature | ° cemeerstue ranges | provides 1S ecget 
f ‘ ic dis eat | Fanges Increases your | -65/+125°C loading shift registers and 
nrenace, Gin a Space- | design flexibility. 7 troller serial 
saving 28-pin hermetic | microcontroller seria 
eSrainiG:DIP. Never ee eI See inout buffers. 


Find out more about this 
low cost, high 
performance solution. 
Ask your sales rep for 
data sheets and 


| before has a 16-bit ADC 
| Offered so much for so 
little. 


Based on Burr-Brown’‘s 


DIFFERENTIAL LINEARITY PLOT 


a 


industry standard ADC76 @ 8004 

series, the new ADC700 5 samples. 

Offers a precision front- > Burr-Brown Corp. 
end solution for a broad . P.O. Box 11400 
range of instrumentation, Tucson, AZ 85734 
industrial control, and U.S.A. 


FAX (602) 741-3895 


7FFO 
-4.88mV -3.66mV -2.44mV -122mV OV +1.22mV +2.44mV +3.66mV +4.88mV 


Input Voltage 


data acquisition 
applications. 


BURR-BROWN® 
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TEXAS INSTRUMENTS REPORTS ON 


SIDES O} 


IN THE ERA OF MEGACHIP™ TECHNOLOGIES 


3iCMOS LOGIC 


The chart says it all. Switching speeds of 
our BiCMOS family, designed specifically 
for bus interface implementations, are 


Il’s BiCMOS logic 
gives you drive and | 
speed up to par 

with advanced 
bipolar devices. 


LAL OGLE IEEE ea OE 


TI’s speed advantage: In a one-on-one comparison, a TI] 
’°74BCT240 BiCMOS octal bus driver proves to be much 


faster than a standard advanced bipolar equivalent. 


comparable to advanced bipolar counter- 
parts. Drive currents meet the require- 
ments of today’s industry-standard buses: — 


48/64 mA commercial, 24/48 mA military. 


As you've gathered by now, our BICMOS 
logic combines high-speed bipolar with 
low-power CMOS. Disabled currents can 


TT’s BiCMOS logic 


cuts power 
consumption down 


to CMOS levels. 


TI’s power advantage: Here again, the BiCMOS driver 
wins over the advanced bipolar counterpart, exhibiting 
far less power dissipation. 


be reduced as much as 95% (see chart) 
while active currents are cut as much as 


50% compared to advanced bipolar 
equivalents. 

As a matter of fact, total system power 
savings can be more than 25%. 

Our BiCMOS family now numbers more 
than 40 members and will top 90. All 


* David Shear, “EDN’s advanced CMOS logic ground-bounce 
tests,” EDN, Special Report, March 2, 1989. 

™ MegaChip and SCOPE (System Controllability and 
Observability Partitioning Environment) are trademarks of 
Texas Instruments Incorporated. 


©1989 TI 08-9238 
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For example, our BCT2XXX memory 


drivers are two times faster than the 
competition’s memory drivers. They not 


only solve the undershoot/overshoot 
problems associated with driving 
DRAM memories but also conserve 
real estate by incorporating a 25- 
ohm series damping resistor on chip. 
With this speedy family comes a 
bonus, reduced switching noise. Case 
in point: An independent analysis* 
found our SN74BCT240 octal bus 
driver to have the fastest propagation 
delay (3.8-ns t,,,,) with the highest 
signal integrity (0.8-V simultaneous 
switching noise). | 
But there’s another impressive side to the 


BiCMOS family story. Read on. 


members are compatible with advanced 
bipolar sockets, allowing easy plug-in 
upgrades. 


BiCMOS technology is also en- 
abling us to solve other problems 
that crop up in bus interface design. 
For example, the family will soon in- 
clude a series of SCOPE™ Octals to 
provide system-embedded test 
capability. Also, the forthcoming 
BCT25XXX IWS line drivers will as- 
sure incident wave switching (IWS) 
down to 25 ohms. 


For free samples of our BICMOS logic 
family: In Europe call 44-234-223000, fax 
44-234-223459, or write Customer Response 
Centre, MS 09, Texas Instruments 
Limited, Manton Lane, Bedford MK41 
7PA, England. In Asia call 852-3- 
7351223, fax 852-3-7354954, or write 
Texas Instruments Hong Kong Limited, 
Market Communications Manager, 8/F 
World Shipping Centre, 7 Canton Road, 
Tsimshatsui, Hong Kong. 


TEXAS °‘ 
INSTRUMENTS 


i 


9 


THE SHAPE OF 
THINGS TO COME 
AT THE PRICE OF 
TIMES STILL HERE 


- No cold start 
problems 


v No intermittence 
problems 


~ No particle 
problems 


The totally new Unibond 
1N4148-1 and 1N4150-1 
diodes are not afraid of 
mechanical damage when 
temperature cycles up and 
down. They work well in 
potted environments and 
multilayer circuit boards. 
They’re impervious to in- 
termittent open problems, 
particle contamination, 
and shorting. 


They’re mechanically 

and electrically superior 

to any small signal diode 
you've ever seen because 
they’re built with Unitrode’s 
proprietary new die con- 
struction. There’s no 


Name 
Company 
Street 
City 


Terminal Pin 


THE UNIBEND™ 


| | 


LEE QQzzuzcz 


Silicon Die 


VU 


Surface Passivation 


IN4148-1 JTX, JTXV 


AND 


IN4150-1 TX, JTXV 


In accordance with MIL-S-19500/116 
and MIL-S-19500/231 ° 


LI) 


Attached is my letterhead. Please send me a Unibond diode sample. 
I would like a (check one) LJ 1N4148-1 JTX LJ 1N4150-1 JTX 


Title 


Mail Stop 


SEMICONDUCTOR 
PRODUCTS 


UNITRODE 


Glass Body 


more silver button and none 
of the problems commonly 
associated with conventional 
DO-35s. The only thing 
that’s the same is the price. 


Tomorrow’s technology 
at today’s prices: 


As members of Unitrode’s 
Unibond family of diodes, 
the 1N4148-1 and 1N4150-1 
are built for rugged depend- 
ability, with features that 
include equal anode and 
cathode bond areas, a 
superior metallurgical 
bond that won't let go, and 
a non-cavity construction 
per MIL-S-19500. 


See the future for yourself: 


You can judge the shape of 
things to come for yourself. 
Just attach the coupon to 
your letterhead, send it to us, 
and we'll send you a free 
sample. 


% 


EDN092889. 


580 Pleasant Street « Watertown, MA 02172 + Telephone (617) 926-0404 « Fax (617) 924-1235 
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“Static can kill our circuitry. 
And the front panel LEDs 
can provide the path. 


_Now what?!” 


~ Alllindications are Dialight. 


It was a problem grounded in the laws of Saving costs while solving problems Is 
electrical energy. And it could have caused real something we've long done with our panel mount 
havoc. But the customer took the smart step and circuit board LEDs. Over the years 
of calling Dialight. customers have asked us to pair, gang, piggyback, 

As the leader with over half a century right angle mount, recess, bicolor, tricolor, slant, 
of experience in every type of indicator light, tor standoff, snap-mount, bin, do whatever you can 
Dialight solving problems is standard imagine to them and we haven't been stumped yet! 
operating procedure. Applying our engineering So, when an indication design issue has 
expertise in optoelectronics and utilizing state-of- you ground to a halt, remember that no one has 


the-art CAD equipment, our model shop more solutions than Dialight. 
quickly developed and prototyped a housing and 

grounding plate for the LEDs. Upon customer 

approval, our 100% internal tool fabrication and 

molding facilities provided quick turn-around A Cambridge Electronic Industries Co. 


on production quantities. 1913 Atlantic Avenue, Manasquan, Nu 08736 201-223-9400 
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Q® 
<9? A “Plug In” 32 Bit RISC workstation with 
9 1024 x 768 display spells VOOM for 
PCAD™, OrCAD™, PADS-PCB™ and PROTEL™ software. 


The VectorScan RISC is the only 32 bit RISC co-processor that includes 1024 x 768 (or 768 x 
544) video display system. By combining the RISC and video display on a single single PC:card set, 
access to both PCB layout structures and video display memory are free of limitations imposed by 
bus bandwidth or 640K DOS limits. This combination provides faster screen redraw, zoom and 
searches through the megabyte data structures required in PCB layout software. 


DOS video compatibility is insured since the VectorScan RISC uses your EXISTING display 
adaptor for DOS compatible modes. On board video switches allows a single monitor to support 
both RISC and DOS operation. For OEM and VAR applications, Applied Data Systems can provide 
primitives and development tools, custom interfaces, options, and software. 


1 Megabyte, 4 Megabyte, 8 Megabyte Memory Options 
Available. Call for current pricing. 


OutSide USA: 301-576-0335 
FAX: 301-576-0338 
Toll Free: 800-541-2003 


Applied Data Systems, Inc. 
409A East Preston St. 
Baltimore, MD 21202-3922 USA 


PCAD is a Trademark of Personal CAD Systems, Inc. 
OrCAD is a Trademark of OrCAD Systems Corporation. 
PADs is a Trademark of CAD Software, Inc. 

PROTEL is a Tradename of Protel Technology Inc. 


A ABE 
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Visual Displays 
from Densitron 


@ Alternative source to other 
manufacturers’ displays 

= Wide range of interface products 
available for alphanumeric and 
graphic modules 
2540 West 237th Street 
Torrance, CA 90505 
(213) 530-3530 
FAX: G2/G3: 213-534-8419 


TELEX II: 910-349-6200 
Europe/UK: (0959) 76600 


= Wide variety of alphanumeric 
and graphic LCD and plasma 
displays 

m EL, LED or cold-cathode 
fluorescent backlights available 


DENSITRON 
CORPORATION 


_ 


Information Device Division A member of Densitron International PLC Group 
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CALENDAR 


IEEE International Conference 
on Computer Design (ICCD ’89), 
Cambridge, MA. Giovanni De 
Micheli, Center for Integrated Sys- 
tems, Room 129, Stanford Univer- 
sity, Stanford, CA 94305. (415) 725- 
3632. October 2 to 4. 


Electronic Imaging Conference 
East, Boston MA. MG Expositions 
Group, 1050 Commonwealth Ave, 
Boston, MA 02215. (800) 223-7126; 
in MA, (617) 232-3976. October 2 
to d. 


20th Korea Electronics Show, 
Seoul, Korea. Joseph Burke, US 
Department of Commerce, Wash- 
ington, DC 202380. (202) 377-5014. 
October 7 to 12. 


Policy and Parity: The Future of 
US-Japan High Technology Trade 
Policy (symposium), Boston, MA. 
Janet Fannon, Clearpoint Research 
Corp, 99 South St, Hopkinton, MA 
01748. (617) 435-2301. October 12 
to 14. 


SECS Communications Seminar, 
San Jose, CA. GW Associates Inc, 
1188 Bordeaux Dr, Suite 27, 
Sunnyvale, CA 94089. (408) 745- 
1844. FAX 408-745-6395. Octo- 
ber 18. 


Systems 89, Munich, West Ger- 
many. Gerald G Kallman, Kallman 
Associates, 5 Maple Ct, Ridge- 
wood, NJ 07450. (201) 652-7070. 
FAX 201-652-8898. October 16 
to 20. 


Northcon/89, Portland, OR. North- 
con/89, 8110 Airport Blvd, Los An- 
geles, CA 90045. (213) 772-2965. Oc- 
tober 17 to 19. 


Scan-Tech ’89, San Jose, CA. Jane 
Yallum, AIM USA, 1326 Freeport 
Rd, Pittsburgh, PA 15238. (800) 
338-0206. FAX 412-963-8753. Octo- 
ber 17 to 19. 
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Who Said You Can't Have 


16 & 32-bit STATIC & 

PROCESSORS §& DYNAMIC 

¢ Intel ¢ Motorola Hiaaaa—™ h Bp i® MEMORIES 
8088 68000 \————ia a ° 512K to 8 Mbytes 


Dynamic Memory Boards 


¢ Universal EPROM/RAM 
Static Memory Boards 


¢ System Expandable to 32Mb 


80186 68010 
80286 68020 
80386SX* 68030 


COLOR GRAPHICS 
© 640x480x256 Colors * 800x600x256 Colors 
°© EGA ¢VGA* « Touch Screen EL Display 


VISION SUBSYSTEMS 
¢ 256 to 2048 Elements Linear CCD Cameras 
¢ Matrix CCD Cameras Interfaces 


ACCESSORIES 

¢ Predecoded Prototyping Boards 
¢ Terminal Strip Adapters 

¢ Power Supplies ¢ Bus Extenders 
¢ Packaging Products 


¢ Real-Time Image Processing Hardw 


NETWORKING 
© 10 Mb/s Ethernet® =¢ 1 Mb/s Arcnet® 
e¢ 10 Mb/s X25 e 1 Mb/s IEEE 488 


- e 1 Mb/s GESNET® ¢ 375 Kb/s Bitbus® 
MASS STORAGE 
¢ 3.5'' &5.25'' Floppy Disk Controllers and Drives 
¢ $1506 Winchester Controller and Drives (up to 70 Mb) 
e Intelligent SCSI Controller (up to 1+ Gb) 
¢ Tape Streamer 


L 


MS-DOS” os-9° 
¢ Popular and User Friendly ¢ Real-Time Multitasking, 
Single Task, Single User Multi-User Operating System 
Operating System for Motorola Processors 
pelea “Con Clea INPUT/OUTPUT INTERFACES 
F ae Jaume: e Allows the Use of Any ¢ Modular and Totally ROMable ° RS 232 / 442 / 485 SlOs 
consiggtessa eke of Thousands of Software Architecture ¢ Parallel TTL I/Os 
una PC Software Products © Editor, Assembler and C Compilers ° 10, 12 and 16-bit A/D & D/A 
° oy panainats Available Ati bet oi dich P ¢ Thermocouple, RTD, Resolver Interfaces 
MOTION CONTROL eer Enienten é Cats Development Tools hecilebl * Opto lsclated WOs 
¢ DC Servo controllers " ; fae Pea ine i hanariae _ * Mechanical & Solid State Relays 
¢ Stepper Motor Controllers 
¢ Shaft Encoder 
Whoever said that obviously doesn’t know about software driver for every board we make. 
GESPAC. With GESPAC, you get nearly 200 Call us today to receive the industry’s most 
boards designed to work together, available comprehensive catalog of microsystem solutions. 
from under a single roof and backed by a team See how GESPAC can help you build the system 
dedicated to your success. What's more, all of that best meet your unique specifications, in the 
these boards are supported with two operating shortest amount of time. 
systems (MS-DOS® and OS-9® ) a choice of 
Real-Time kernels, a choice of IBM PC or UNIX® Call Toll Free 1-800-4-GESPAC 
based cross development tools, and virtually one or call (602) 962-5559. 
USA - CANADA EUROPE INTERNATIONAL 
50 West Hoover Ave. __Z.1. des Playes 18, Chemin des Aulx 
Mesa, Arizona 83500 La Seyne CH-1228 Geneva 
85210 USA France Switzerland 


Tel. (602) 962-5559 ~—- Tel. 94303434 _ Tel. (022) 794 3400 
Fax. (602) 962-5750 Fax. 94873552 — Fax. (022) 794 6477 
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The Great Styling of 
MPS Pushbutton Switches 


Reflects Your Product’s af & 
| Quality on the Inside 


Bring out the quality and ganged designs, 
| of your equipment * PCB or panel mountings, 
with the superb various contact Q 
styling and smooth, “se configurations, and 
| positive response of MPS a wide selection of 
| pushbutton switches. Many buttons and keycaps. 


functional features are 
available, including lighted Make your product look 


its best. Choose MPS. 


a CRL Components, Inc. 
a ho Highway 20 West 

ee, .. Fort Dodge, lowa 50501 
Telephone: (515) 573-1300 
FAX: (515) 573-1342 


A Cambridge Electronic industries Company 


CIRCLE NO 5 


DID YOU KNOW? 


Half of all EDN’s 


articles are staff-written. 


EIDIN 


CALENDAR 


Supercomputing World, San Fran- 
cisco, CA. MG Expositions Group, 
1050 Commonwealth Ave, Boston, 
MA 02215. (800) 223-7126; in MA, 
(617) 232-3976. October 17 to 20. 


Digital Signal Processing, Single- 
Chip DSP Processors, Develop- 
ment Systems—Theory, Design 
and Applications, Munich, West 
Germany, October 23 to 26; in Lon- 
don, UK, October 30 to November 
2. In the US, Dr Amnon Aliphas, 
DSP Associates, 18 Peregrine Rd, 
Newton, MA 02159. (617) 964-3817. 
FAX 617-969-6689. In Europe, An- 
dreas Kohl, Electronic Tools, 
Dusseldorf, West Germany. (49) 
02102-841-013. 


Unix Expo ’89, New York, NY. 
National Expositions Co, 15 W 39th 
St, New York, NY 10018. (212) 391- 
9111. FAX 212-819-0755. Novem- 
ber 1 to 3. 


OEM Europe ’89, Paris, France. 
Bureau International de Relations 
Publiques, Freddy J Rodriguez, 25 
rue d’Astorg, 75008 Paris, France. 
(831) 47-42-20-21. FAX 331-47-42- 
75-68. November 7 to 10. 


Productronica ’89, Munich, West 
Germany. Gerald Kallman, Kallman 
Associates, 5 Maple Ct, Ridge- 
wood, NJ 07450. (201) 652-7070. 
FAX 201-652-3898. November 7 
to 11. 


Wescon/89, San Francisco, CA. 
Wescon/89, 8110 Airport Blvd, Los 
Angeles, CA 90045. (213) 772-2965. 
FAX 213-641-5117. November 14 
to 16. 


VMEbus in Industry, Paris, 
France. VMEbus International 
Trade Association, Box 192, NL- 
5300 AD Zaltbommel, The Nether- 
lands. 31-4180-14661. FAX 31-4180- 
15115. November 21 to 22. 
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C4} packano. & Tektronix 
DIGITAL SCOPES/LOGIC ANALYZERS 
CAN’T DO THIS! 


iFeb8S 4:21 pn 


ERASER TAP SUESARESUITOUISAISEENPSLECEAROL EDEL FED FOSSHE 


Sipe ae Bee GROSSE HRS RESO ROALA ERS BEOEBLAPSDSSTOA ETL SEAR / EFL POORER RIC TEATS ERTS POOE LE HES BETO 


™ Only ORION 
delivers next-generation 
high performance 
integrated digital scope- 
logic analyzer with... 


. Zena | time-aligned 
analog and digital traces. 


Our 9240 is a whole new class of 
instrument that vastly simplifies 
development. It lets you watch time- 
cortelated digital and analog signals 
from the same circuit—on the same 
screen at the same time. And with 
nano-second correlation. 


OmniLab display demonstrates capture of an 


™ e 2 imbedded analog glitch (in top trace) with time-aligned 
. SELECT trigger ing presentation of the waveforms digitized bit values 
for swift sure capture (center) and numeric states. 


of rare events. 


SELECT triggering bridges the gap 
between scope and analyzer tech- 
niques. So you can simultaneously 
trigger on digital and analog signal 
abnormalities. With the 9240’s deep 


trace buffer you can scroll back and . : a 
forth in time, observing fault-causing instruments on the screen of your AT performance specs. Result: you ll 


conditions, and after effects. ot PS/2, via simple pull-down menus. _ pinpoint faults faster and easier, get 
Then save the setups for future use. your designs to market quicker. 

" Customizable It’s like having a benchtop of instru- 

instrument configurations. ments in one. For more information, call toll free 

The 9240’s general-purpose hardware ™ And with the 9240, you can te 245 a In ee re 5/361-8883. 

allows you to configure and imple- troubleshoot in fewer steps than ever EINE LOE EO Etna ar 

ment numerous application-specific before—without compromising high 


= Available for rent from 


U.S. Instrument Rentals, Inc., 
800/824-2873 


702 Marshall Street 
Redwood City, CA 94063 
TELEX: 530942 FAX: 415/361-8970 


—CycleLength: == 4to 4K samples (16K optional) Computer Integrated Instrumentation 


= 


es 


wae 
OR 


— ae 
es 
ees 


*SELECT triggering is a trademark of Orion Instrument, Inc. 
Hewlett Packard is a trademark of Hewlett Packard Company. 
Tektronix is a trademark of Tektronix, Inc. 
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ALABAMA, Marshall Electronics Group, (205) 881-9235, Milgray Electronics, Inc., (404) 393-9666, Reptron Electronics, (404) 446-1300; ARKANSAS, Marshall Electronics Group, (214) 233-5200, Milgray Electronics, Inc., (214) 248-1603, Sterling Electronics-Dallas, (214) 243-1600; ARIZONA, Marshall Electronics Group, (602) 496-0290, 
Sterling Electronics-Phoenix, (602) 268-2121; CALIFORNIA, Sterling/Image Electronics, (619) 271-6555, (714) 259-0900, (818) 407-8850, Marshall Electronics Group, (818) 407-0101, (714) 458-5395, (408) 942-4600, (916) 635-9700, (619) 578-9600, Merit Electronics, Inc., (408) 434-0800, Western Microtechnology, (619) 453-8430, (714) 637-0200, 
(408) 725-1660, (818) 707-0377; COLORADO, Marshall Electronics Group, (303) 451-8383, Sterling Electronics-Denver, (303) 792-3939; CONNECTICUT, Cronin Electronics, Inc., (203) 265-3134, Marshall Electronics Group, (203) 265-3822, Sterling Electronics-Wallingford, (203) 265-9535; DELAWARE, General Components, Inc., 
(609) 768-6767, Marshall Electronics Group, (301) 840-9450, Milgray/Delaware Valley, Inc., (609) 983-5010, (800) 257-7808, (800) 257-7111, Sterling Electronics-Sterling, (703) 450-2373; DISTRICT OF COLUMBIA, Marshall Electronics Group, (301) 840-9450, Milgray/Washington, Inc., (301) 621-8169, (800) 638-6656, Sterling Electronics- 
Sterling, (703) 450-2373; FLORIDA, Marshall Electronics Group, (813) 573-1399, (305) 977-4880, (305) 767-8585, Reptron Electronics-Tampa, (813) 855-4656, (305) 735-1112; GEORGIA, Marshall Electronics Group, (404) 923-5750, Mikgray Electronics, Inc., (404) 446-9777, Reptron, (404) 446-1300; IDAHO, Marshall Electronics Group, 
(801) 485-1551, Western Microtechnology, (503) 629-2082, Milgray Electronics, Inc., (801) 272-4999; ILLENOIS, Goold Electronics, (312) 860-7171, Marshall Electronics Group, (312) 490-0155, (314) 291-8554, Milgray Electronics, Inc., (913) 236-8800, (312) 350-0490; INDIANA, Goold Electronics, (312) 593-3220, Marshall Electronics 
Group, (317) 297-0483, Milgray/Chicago, Inc., (312) 350-0490; IOWA, Marshall Electronics Group, (612) 559-2211, Milgray Electronics, Inc., (913) 236-8800: KANSAS, Marshall Electronics Group, (913) 492-3121, Milgray Electronics, Inc., (913) 236-8800, Sterling Electronics-Kansas, (913) 492-5406; KENTUCKY, Marshall Electronics Group, 
(513) 898-4480, Milgray/Cleveland, Inc., (216) 447-1520, (800) 321-0006; LOUISIANA, Marshall Electronics Group, (214) 233-5200, Milgray Electronics, Inc., (214) 248-1603, Sterling Electronics-Dallas, (214) 243-1600; MAINE, Cronin Electronics, Inc., (617) 449-5000, Marshall Electronics Group, (617) 658-0810, Sterling Electronics-Boston, 
(617) 938-6200, Western Microtechnology, (617) 273-2800; MARYLAND, Marshall Electronics Group, (301) 622-1118, Milgray/Washington, Inc., (301) 621-8169, (800) 638-6656, Sterling Electronics-Sterling, (703) 450-2373; MASSACHUSETTS, Cronin Electronics, Inc., (617) 449-5000, Marshall Electronics Group, (617) 658-0810, Sterling 
Electronics-Boston, (617) 938-6200, Western Microtechnology, (617) 273-2800; MICHIGAN, Marshall Electronics Group, (313) 525-5850, Reptron Electronics, Inc., (313) 525-2700; MINNESOTA, Marshall Electronics Group, (612) 559-2211, Reptron Electronics, (612) 938-0000, Sterling Electronics, (612) 831-2666; 
MISSISSIPPI, Marshall Electronics Group, (205) 881-9235, Milgray Electronics, Inc., (404) 393-9666; MISSOURI, Marshall Electronics Group, (913) 492-3121, (314) 291-8554, Milgray Electronics, Inc., (913) 236-8800, Sterling Electronics/Kansas, (913) 236-5589; NEBRASKA, Marshall Electronics Group, (913) 492-3121, 
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SERVICE IS OUR KEY COMPONENT 


“1Mb Video RAM?” 
| ‘Yeah. With the fancy new Flash Write, 

Block Write and Split Transfer functions to 
improve performance? 

“Not bad’ 8 

‘And greater density for high resolution 

color graphics’ 

i “Come on. We need something we can use today?’ 

5 “Toshiba's got ’em. In quantity” 


First the good news. Toshiba, the leader in 1Mb DRAMs, introduces a new 
high density 1Mb Video RAM for today’s high resolution color graphic applications. 

Now the great news. It’s available in volume production, giving you access to 
the quantities you need. Today. With capabilities that'll take you into tomorrow. 


Split Transfer 


Flash Write 
Block Write 


>< >< >< > | Fast Page Mode 


Toshiba's high density, 256K x 4bit and 128K x 8bit Video RAM supports 
next generation video board-or graphic terminal applications by allowing you 
-———TorcanizaTion| SPECIAL FEMTURES | —pxcrace] 0 store, manipulate and 
transmit more information 
than ever before. 
ts A multi-port feature 
| : combining RAM and SAM 
X4 X8 : 
ere gives you easy and fast 
1C524258A ie access to data. Bit Masking 
TC528126A x is achieved through the 
—— : Write Per Bit feature. 

With this feature, selected planes of data can be modified using just a Write 
cycle instead of a Read-Modify-Write cycle. 

Use the Block Write feature to write four times faster and simplify high speed 
window clear/fill. Use the Flash Write feature to accomplish high speed clear 
of selected planes without using the SAM register. 

To speed things along | 

i 2 
even more, RAM read/nite aS asma | a 
cycle times have been 
improved through fast page 
mode. A split SAM register 
provides the best method to simplify SAM to RAM and RAM to SAM transfer timing 
in the system. 
Want more good news? Toshiba's service is every bit as good as their new 
Video RAM. With the people and the design specification information you need 
to get the job done. Call for your complete data sheet today. (1-800-888-0848 
ext. 51). 


| Tn Touch with Tomorrow 


TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 


©1989 Toshiba America, Inc. MST-88-009 


Milgray Electronics, inc., (913) 236-8800, Sterling Electronics-Kansas, (913) 236-5589; NEVADA, Marshall Electronics Group, (916) 635-9700, (602) 496-0290, Sterling Electronics, (602) 268-2121, Western Microtechnology, (408) 725-1660; NEW HAMPSHIRE, Cronin Electronics, Inc., (617) 449-5000, Marshall Electronics Group, 
(617) 658-0810, Sterling Electronics-Boston, (617) 938-6200, Western Microtechnology, (617) 273-2800; NEW JERSEY, General Components, Inc., (609) 768-6767, Marshall Electronics Group, (201) 882-0320, (609) 234-9100, Milgray Electronics, Inc., (516) 420-9800, (609) 983-5010, (800) 257-7808, (800) 257-7111, Sterling Electronics- 
So. Plainfield, (201) 769-7000; NEW MEXICO, Marshall Electronics Group, (602) 496-0290, Sterling Electronics-Albuquerque, (505) 884-1900; NEW YORK, Marshall Electronics Group, (516) 273-2424, (607) 798-1611, (716) 235-7620, Milgray Electronics, Inc., (516) 420-9800, (716) 235-0830, Rome Electronics, (315) 337-5400; 

0 OLINA, Marshall Electronics Group, (919) 878-9882, Milgray Electronics, Inc., (404) 393-9666; NORTH/SOUTH DAKOTA, Marshall Electronics Group, (612) 559-2211, Reptron Electronics, (612) 938-0000; OHIO, Marshall Electronics Group, (513) 898-4480, (216) 248-1788, (614) 891-7580, Milgray/Cleveland, Inc., 
(216) 447-1520, (800) 321-0006, Reptron Electronics, (614) 436-6675, (216) 349-1415; OKLAHOMA, Marshall Electronics Group, (214) 233-5200, Milgray Electronics, Inc., (214) 248-1603, Sterling Electronics-Tulsa, (918) 663-2410; OREGON, Marshall Electronics Group, (503) 644-5050, Western Microtechnology, (503) 629-2082; 
PENNSYLVANIA, General Components, Inc., (609) 768-6767, Marshall Electronics Group, (609) 234-9100, (412) 963-0441, Milgray/Cleveland, Inc., (216) 447-1520, (800) 321-0006, Milgray/Delaware Valley, Inc., (609) 983-5010, (800) 257-7808, (800) 257-7111; RHODE ISLAND, Cronin Electronics, Inc., (617) 449-5000, 
Marshall Electronics Group, (617) 658-0810, Sterling Electronics-Boston, (617) 938-6200, Western Microtechnology, (617) 273-2800; TENNESSEE, Marshall Electronics Group, (205) 881-9235, Milgray Electronics, Inc., (404) 393-9666; TEXAS, Marshall Electronics Group, (214) 233-5200, (915) 593-0706, (713) 895-9200, (512) 837-1991, 
Milgray Electronics, Inc., (214) 248-1603, Sterling Electronics, (713) 623-6600, (512) 836-1341, (214) 243-1600; UTAH, Marshall Electronics Group, (801) 485-1551, Sterling Electronics-Denver, (303) 792-3939, Milgray Electronics, (801) 272-4999; VERMONT, Cronin Electronics, Inc., (617) 449-5000, Marshall Electronics Group, 
(617) 658-0810, Sterling Electronics-Boston, (617) 938-6200, Western Microtechnology, (617) 273-2800; VIRGINIA, Marshall Electronics Group, (301) 840-9450, Milgray/Washington, Inc., (301) 621-8169, (800) 638-6656, Sterling Electronics, (703) 742-8400, (804) 226-2190; WASHINGTON, Marshall Electronics Group, (206) 486-5747, 
Western Microtechnology, (206) 881-6737; WISCONSIN, Goold Electronics, (312) 593-3220, Marshall Electronics Group, (414) 797-8400, Milgray/Chicago, Inc., (312) 350-0490, Marsh, (414) 475-6000, Reptron Electronics, (612) 938-0000; CANADA, Marshall Electronics Group, (416) 458-8046, ITT Multicomponents, (604) 291-8866, 
(403) 451-4001, (403) 253-8575, (306) 933-2888, (204) 786-8401, (416) 736-1144, (613) 226-7406, (514) 335-7679, (506) 857-8011, (902) 465-2350, Space Electronics Sales Corp., (514) 697-8676, (416) 636-8814, (613) 596-5340, (604) 294-1166. 
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NUMBER ONE FOR ASICS 


Innovation: At Plessey, Leadership also means being colorful 
new ideas, new designs, new Plessey’s family of advanced DSP products offer 
applications and new techno- —_—_you technology leadership in a variety of advanced 
logies are what we do bestand —_ image processing applications. For example our DSP 2D 
what we do first. Convolver can easily handle 40 million pixels per second 
Aeaadleneemesscuints +m gre mao : —_ specific applications like 
so does practicality. The price/ en ntohien 3 
performance factor is integral “gree ed —s 

to everything we do. Unlike some, we're not interested in fier ‘ten for DSP 

creating flashy technology that no one can afford to use - oe eee 

or in solutions for which there is no problem! not the typical alHoo-gen- 

Leadership means both breadth and depth eral cell libraries others 

Plessey’s broad product line is key to our leadership role. offer. Plessey also leads 

We offer an incredible choice of arrays that include our the way with compression 


advanced “Read Channel” disk drive technology that we 
offer in highly flexible forms. Custom. Semt-custom. 
Standard. Semi-standard...The choice is yours. 


techniques. And it’s vital technology because as resolution 
improves with for example, HDTV, color copiers, color FAX 
machines or ultra-sonic imaging; disk space can be quickly 
gobbled up, unless you know how to put the squeeze on 


As an ASIC company we supply the your images. Plessey shows you how. 


world with all manner of ASICs - analog, 
digital and mixed analog/digitalina =| 
variety of advanced state-of-the-art 
processes. In fine geometry, high 
density CMOS, bipolar and ECL 
technologies we provide the highest 
levels of performance and system 
integration available today. 


The search for excellence is over 

Search no more, start at the top with Plessey. 
Whether you're looking for a low-cost entry in 
stand-alone linear array design, JIAG Built In 
Test capability, machine vision, digital cellular 
phones, satellite or Global Positioning Systems, 
look to Plessey. We understand systems, com- 
ponents, packages and systems-on-a-chip. Plessey 
has them all. And you can have them all. 


Asan ASSP (Application Specific Standard 

Product) company our standard product — 
offers the highest performance products available 
in the world today. Capabilities ranging from CMOS 


For more information and your copy of our 1989 full color 
80 page short form/brochure call: In North America, 1-800- 


devices operating with only 10uA of current to the 441-5665, (FAX: 408-475-1227) or outside North America, 
world's most advanced 1.3 GHz monolithic amplifier. 44-793-726666 (FAX: 44-793-518550). 
tn Semiconductors 


Offices located in: Australia, Austria, Belgium, Canada, Denmark, Finland, France, Greece, Malaysia, New Zealand, Hong Kong, ltaly, India, Japan, Korea, Netherlands, Norway, Scandinavia, Singapore, South East Asia, Spain, 
Sweden, Taiwan, Turkey, United Kingdom, United States, West Germany, MEGACELL, PLESSEY and Plessey symbol are trademarks of the Plessey Company pic. 


EDN September 28, 1989 CIRCLE NO 48 49 


On one hand 
were the fastest 


On the other 
hand, we're the 
ensest 


| diagnostic versions 
EPROM pinouts. 


_ PAE 
‘ ; x! 


POM a a a lh . 


‘Ee 


EDITORIAL 


Let’s recognize bus leaders 


Jesse H Neal 

Editorial Achievement Awards 
1987, 1981 (2), 1978 (2), 

1977, 1976, 1975 


American Society of 
Business Press Editors Award 
1988, 1983, 198] 


EDN September 28, 1989 


We're pleased that the people who run the Buscon conferences are 
sponsoring an Outstanding Achievement Award. The award will 
recognize the one person who has had the most influence on the 
development of the computer-bus industry. EDN has helped nomi- 
nate seven people for the award. The voting is up to you. Here 
are the nominees: 

Lym Hevle is the Executive Director of the VME Industry 
Trade Association (VITA). Lym has been a champion of open buses 
and is active in pushing military-equipment suppliers to adopt open 
bus architectures. 

Ray Alderman, Vice President of Matrix Corp, is a prominent 
bus-industry spokesman. Ray has directed the International Board- 
Level Symposium since it started, and he recently finished a de- 
tailed study of the computer-bus industry. 

Shlomo Pri-Tal, who works at Motorola, is one of the founding 
fathers of the VMEbus specification and an outspoken supporter 
of bus standardization. He’s also chairman of the Next Generation 
Architecture (NGA) technical committee. 

Wayne Fischer is the marketing director at Force Computers. 
He was one of the authors of the VMEbus specification and is a 
proponent of the Futurebus+ architecture. 

Paul Borrill is the chairman of the IEEE’s Futurebus+ commit- 
tee. He played an important role in developing the Multibus II 
specification, and he has been very active in the standards commit- 
tees for the popular open buses. 

Jim Ready of Ready Systems is a pioneer in putting together 
software development tools for real-time-software developers. He 
has served on many open-bus committees and advocates using Ada 
for real-time applications. 

John Hyde, who works at Intel, is a leading spokesperson for 
the Multibus II architecture. John is a proponent of the Future- 
bus+ standard, and he has been working to foster cooperation 
between the Multibus Manufacturers’ Group (MMG) and VITA as 
each group defines future buses. 

The sketches above are necessarily brief, but each person listed 
is deserving of the award. It’s unfortunate that there’s only one 
award. Now it’s time for you to vote; the deadline is January 1o, 
1990. You ean send your written choice by mail or facsimile to 

Conference Management Corp 
200 Connecticut Ave 
Norwalk, CT 06856 
FAX 203-838-3710. 

Write-in votes are acceptable; send the name of your nominee 
and a description of his or her accomplishments. Write-in votes 
will also help us identify people who should be among next year’s 
candidates. The recipient of the 1989 award will be announced 
during Buscon ’90 West in Long Beach, CA this February. 


Jon Titus 
Editor 
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PIOmAC 


Model 11 


Universal Programming Station 
@ Provides full universal capability in a modular configuration. 
@ Modules for PLD/EPLDs, E/EE PROMs, Bi-PROMs, 
“Mega” PAL/PLDs and single-chip micros. 
© Offers two serial interfaces. 


PIOmMAC 


Model 16-1V 


High-Speed Set Memory Programmer 
@ Supports E/EE PROMs from 16K to 4M bits, high-speed 
CMOS PROMs and single-chip micros. 
®@ Contains 1M byte buffer RAM that can be expanded to 
4M bytes. 
© Offers set programming up to eight patterns. 


Experience 
the speed and power 


of the PROMAC family 
of programme 


rs. 


P%OmnrAc | 
Model 10-// 


Ultra-Fast Gang EPROM Programmer 
@ Supports E/EE PROMs from 16K to 4M bits. 
@ Ul/tra-fast gang duplicating thanks to a customised logic array. 
@ Programs 1M EPROM in just 40 seconds. 
@ Fasy updating with a “smart” external memory card. 
@ Full memory editing functions with I/O card option that 
has RS232C and parallel ports. 


PIOmAC 


Model 2A 


Universal MOS Device Programmer 
@ Programs E/EE PROMs up to 4M bits and single-chip micros. 
® Contains 512K byte (4M bits) buffer with powerful editing 

functions. 
®@ Provides RS232C and parallel interfaces. 


iN 
i Gi i rie Promac Data Systems Corp Phone: Japan (044)434-4911 TLX: J47981 


Authorised Distributors 


Phone: @USA (408)3733607 @ Switzerland (01)7105566 @France (1)39561018 @Spain (01)7543001 @Norway (02)531250 eltaly (02)9237212 
@ Sweden (08)7701470 @Denmark (02)842000 @The Netherlands (010)4501444 @Belgium (02)7252460 @W. Germany (089)4602071 
@ UK (0234)857502 @Australia (03)7205411 @S. Africa (011)8383451 @Hong Kong (3)686328 @Korea (02)7848301 @India (022)6300195 
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LUKE AND PHILIPS - THE GLOBAL ALLIANCE IN TEST & MEASUR: | 
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Countdown to precision 


Budget co counters with a ssiona 


i With these air hier jae Philps 
sinneonas and frequency counters, you get 
5 precision counting and exceptional economy, 
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Predictable Performance. 
Proven Reliability. 


Predictability is foresight... with it you have control...without it events control you. 
Just as integrated circuits put predictability into the design, performance, and field 
reliability of electronic systems, Vicor’s high density, high frequency, component-level 
power converters can put predictability into your power system...as they have in an 
installed base of half-a-million units. 


Every member of our economical VI-200 family features small size, high power density, 
high efficiency, instant power expansion, UL/CSA/TUV recognition, and standard 
packaging, making them the space-saving choice for any power architecture...and 
they all share Vicor’s unique high-frequency topology which Is inherently more reliable 
than conventional switchmode topologies. 


Robotic automation guarantees quality and ‘‘peas-in-a-pod’’ repeatability. With 
V|-200’s you'll know that your power system will work...every time! 


Let Vicor show you how power components can put predictability into your power 
system...in the design cycle...the agency approval cycle...and in the field. 


1-800-735-6200 


VI-200 Series DC-DC on 
Converters and Power Boosters 


w /nputs: 
10 to 400 VDC 


m Outputs: 
2 to 95 VDC 


@ 50, 75, 100, 
150, 200 Watts 


m@ Booster Expansion 
to Kilowatts 


m 80-90% Efficiency 
@ MTBF > 700,000 Hours 
me 4.6"L x 2.4"Wx 0.5"H 
# Up to 36 Watts/cubic inch 


m As low as $.50 per Watt 
in OEM Quantities 


Component Solutions For Your Power System gi} VIC OR 
23 Frontage Road, Andover, MA 01810 wn 
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A PERSPECTIVE ON BUS 


INTERFACE DESIGN 


hat use is a high-perfor- 
mance CPU if its processing power 
can’t be delivered to the backplane 
and outward to the peripherals? 

Typically, some system through- 
put is lost at the local bus interface, 
some at the backplane interface, 
and some at the peripheral bus 
interface. 

To help you minimize such losses 
and maximize system throughput, 
Texas Instruments offers a series of 
innovative chips for (1) backplane 
interface and (2) peripheral bus in- 
terface, as well as (3) controllers to 
regulate data flow. 

These devices support the major 
industry standards listed above so 
that you can achieve system com- 
patibility regardless of the bus you 
are implementing. 


—— 


New bus interface ICs from Tl] can 
keep your total system up to speed. 


You not only increase system throughput but cut power 
and conserve real estate at the same time. 
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BACKPLANE 
CONTROLLER 
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NuBus VMEbus 


High-speed, low-power implementation of backplane and peripheral interfaces for most popular 
standards is made possible by TI’s comprehensive family of both digital and analog physical-layer 


L 


Superior backplane interface performance 


is specifically designed for bus 
interface applications. 

As the name implies, Tl 
BiCMOS merges low-power 
CMOS with high-speed bipolar, 
delivering switching speeds com- 

Our high-speed/low-power parable to advanced bipolar 
BiCMOS logic (SN54/74BCT XXX) devices. You also get the 48/64-mA 


BiCMOS VERSUS ADVANCED BIPOLAR 


BiCMOS SPEED ADVANTAGE BiCMOS POWER ADVANTAGE 
MAXIMUM PROPAGATION DELAY (t,,) MAXIMUM CURRENT (I 


( °° ‘BCT a 9 


240 


To maximize system throughput, 
data must be able to get on and off 
the bus quickly. Therefore, the 
backplane bus transceivers must be 
capable of high speed and high 


drive. 


coz) 


The BiCMOS lead over bipolar is proven by this comparison between Tl’s ’74BCT240 and a com- 
parable advanced bipolar standard device. Typical propagation delay of TI’s BICMOS part is faster 
(left) while power dissipation is less (right). 


IN THE ERA OF MEGACHIP LECHNOLOGILES 


TI’s MegaChip™ Technologies are the means by which we can help you and your 
company get to market faster with better, more competitive products. Our 
emphasis on volume manufacturing of high-density circuits is the catalyst 
for ongoing advances in how we design, process, and manufacture 
semiconductors and in how we serve our customers. 


PERIPHERAL 


Uc Re Ree 


ICs. To complete the implementation, TI offers a series of innovative standard and ASIC control 
devices. Use of TI’s leadership bus interface devices can help shorten system design cycles. 


drive current you need, and total 
system power savings can be as 
high as 25% (see charts). 

There are more than 60 mem- 
bers in our BiCMOS family, includ- 
ing 8-, 9-, and 10-bit latches, buf- 
fers, drivers, and transceivers. The 
family is also available in military 
versions. 

Our family of octal ECL trans- 
lators (SNIOKHT/1OOKTXXXxX) 
delivers a low-power, high-speed 
translator solution with 48 mA of 


drive capability on the TTL side. 
Our high-speed Futurebus 
transceiver family (SN55/75ALS- 
05X) includes quad and octal 
devices compatible with Futurebus 
implementations of the IEEE 896.1 
standard. With a drive capability of 
100 mA, a 5-ns (typ) propagation 
delay, and a supply current of 
65 mA (max), our SN75ALSO53 
has the best speed/power ratio of 
any Futurebus transceiver on the 
market today. m 


High-performance peripheral interfaces 


Peripheral bus interface design 
decisions revolve around trade-offs 
between line length, data rate, and 
noise immunity. 

Where data rates are low and 


line lengths are short, as with the 
popular RS-232-C/D standard, the 
major concern is power savings. 
However, relatively high voltages 
(30 V) prevent the use of standard 


CMOS devices. Your answer lies 
with TI’s Linear BiCMOS family. 

Included are low-power versions 
of industry-standard quad drivers 
and receivers (SN75C188/89). 
Driver/receiver combinations, rang- 
ing from single to quad combina- 
tions (SN75C1154), substantially 
cut package count. 

This BiCMOS technology will 
also allow us to provide charge 
pump circuitry for single 5-V 
operation. 

Where data rates are high and 
line lengths are long, as the newer 
peripherals demand, noise can be- 
come a major problem. It is over- 
come by the use of differential 
drive. Typically, the major applica- 
tion requirement is higher speeds 
at, ideally, lower power. 

For example, disk drives using 
ESDI, IPI, or SCSI interfaces will 
benefit from TI’s SN75ALS17X 
devices conforming to RS-422-A 
and/or RS-485 standards. These 
chips are fabricated using our 
unique IMPACT™ processing that 
delivers up to 50% greater speed 
compared to competing products 
with as much as a 30% power 
reduction. 

IMPACT processing is also 
behind the unmatched speed of our 
SN75AS030 RS-422 dual driver/ 
receiver. Typical propagation delays 
are only 6 ns. @ 


No matter which of TI’s innova- 
tive devices you choose to improve 
speed, cut power, and reduce real 
estate at the media interface, the 
complete bus interface requires 
another element — controllers. 


For details on how T] is addressing 


your needs in this area, turn the page. 
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A PERSPECTIVE ON BUS INTEREACE DESIGN 


High-performance controllers 


make system design easier. 


While the majority of physical- 
layer devices—those used to 
implement backplane and 
peripheral interfaces—transmit 
data, your system design also 
requires a device to regulate the 
flow of that data through the bus 
interface. To do the job, TI offers a 
series of controllers that simplify 
and shorten your task while cutting 
chip count and improving overall 
system throughput. 


Simplified NuBus design 

TI has taken much of the work out 
of NuBus™ design by introducing 
the industry’s first standard NuBus 
interface devices. They are the 
SN74ACT2440 NuBus Controller 
and the SN74BCT2420 NuBus 
Registered Transceiver. 

A typical implementation, using 
two 16-bit transceivers and one 32- 
bit controller (see below), replaces 
as many as 45 discrete devices. 
Compared to a discrete approach, 
this solution uses 60% less board 
space and 90% less power. 

Because the necessary logic is 
embedded within the controller, 
design cycle time is reduced 
significantly. é 


A low-power UART 


There is now more need than ever 
for low-power RS-232 interfaces. 
Our TL16C450 Universal Asyn- 
chronous Receiver/Transceiver 
(UART), made with CMOS 
process technology, is an excellent 
choice for desktop applications and 
is especially suited for use in lap- 
top/battery-powered units. 


A flexible SCSI controller 


Available soon, our SCSI control- 
ler (designed to conform to ANSI 
X3.131-1986 specifications) will 
deliver data rates of 3 Mbytes/s 
(asynchronous) and 5 Mbytes/s 
(synchronous). 

Unique byte-stacking control 
logic will allow interface to 16, 24-, 
and 32-bit buses. The TI controller 
will also provide powerful multi- 
phase SCSI commands, including 
automatic handling of save-data 
pointer to minimize interrupts to 
the host processor. Dual 32-byte 
FIFOs will provide smooth, effi- 
cient buffering between processor 


and DMA ports. 


Customized controllers, too 
The NuBus and UART controllers 


Tl’s 32-bit NuBus Interface Solution 


NuBus 


ADO-AD 31 


TRANSCEIVERS 


ADDRESS LINES 0-31 


DATA LINES 0-31 


CONTROL 


IDENTIFICATION LINES 0-3 . 


CLOCK/CONTROL 


Major space savings are realized by using one TI SN74ACT2440 controller and two SN74BCT2420 


STATUS 
NuBus 
CONTROLLER 


transceivers to complete a full 32-bit NuBus master/slave interface. As many as 45 discrete logic 


devices are replaced, realizing significant reductions in board space, power consumption, and design 


cycle time. 


are available as part of our ASIC 
standard-cell library. 

In addition, TI offers TGC100 
Gate Arrays and TSC500 Standar 
Cells as part of our ASIC family 
which allows you to build the 
precise chip functions you need. m 


System complexity — 
and the future 


As systems become more and more 
complex, the need will emerge for 
combining the functionality of con- 
trollers and physical-layer devices 
ona single chip. To that end, TT is 
applying its acknowledged exper- 
tise in physical-layer devices to the 
design and development of such 
advanced control-level ICs. 

System complexity also brings 
with it the need for simulation 
models to make design easier and 
faster. As a result, we already have 
simulation models available for 
more than 1,300 TI devices, includ- 
ing BiCMOS bus interface and 
ACL logic devices. 

Another issue is the increasing 
difficulty and expense of testing 
boards in complex systems. Conse- 
quently, TI supports the JTAG/ 
IEEE P1149.1 standard with the 
development of standard products 
and ASICs having on-chip test 
cells, as well as with development 
support software and device models 
on several leading workstations. m 


Please call 1-800-232-3200, 
ext. 3905, for your copy of our 
Bus Interface Devices brochure. 
Or write Texas Instruments 
Incorporated, Dept. SSY25, 
P.O. Box 809066, Dallas, Texas 
75380-9066. 


™ MegaChip, IMPACT, and NuBus are 
trademarks of Texas Instruments Incorporated. 
VAX is a trademark of Digital Equipment 
Corporation. 
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some designers 
already take enclosures 


ery Seriously. 


Successful designers call it their “how-to book” for 
perfection. It's filled with the most advanced, aesthetically 


beautiful packaging solutions in the world. 


The comprehensive Rittal Handbook. It’s easy to get, 
and it’s free. Just give us a call and we'll tell you how you 
can take your designs all the way to perfection...with 
enclosure systems from Rittal. 


1-800-637-4425 


RITTAL Corporation, 3100 Upper Valley Pike, P.O. Box 1284, Springfield, Ohio 45504, Tel: (513) 399-0500, Fax: (513) 390-5599 
CANADA, RITTAL LTD., P.O. Box 986, Oakville, Ontario L6J5E8, Tel: (416) 338-2440, Fax: (416) 845-5901, Telex: 6968914 
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e smallest fullfeatured 
efibrilatorin the field. 


Defibrillators come in many sizes. But when paramedics 
rush them into the field, the smaller the better. This calls for 
batteries that do their job ina minimum of space, weight 
and time. Which is exactly what rechargeable batteries 
from Gates Energy Products do in the new Physio-Control 
LIFEPAK® 10 defibrillator/monitor—the smallest full- 
featured portable defibrillator in the world. 

Gates does it with three custom-designed nickel- 
cadmium battery packs. They’re lightweight, fast-charging 
and conveniently interchangeable with batteries in other 
Physio-Control units. 


60 


Gates batteries have helped power Physio-Control med- 
ical products for more than a decade. That's because, at 
Gates, we believe in longterm relationships. So, whether 
you're developing a new product or trying to improve an 
existing one, we can help you like nobody else. 

For starters, nobody else in the business can match our 
technical and applications engineering support. This 
means one-of-a-kind configurations in less time than you 
ever thought possible, as a result of our new CARRD com- 
puter design system. Customized packaging of any size, 
shape and color. And, as part of our Advanced Technology 
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The power 


that helped it get there. 


— ahh A | 


Qualification Program (ATQP™), advanced new product 
development to meet specific customer needs. 

Of course, service and support are just part of the story. 
In the end, it comes down to the cells themselves. And, at 
Gates, we offer a full line of standard and custom-designed 
rechargeable batteries—including not just nickel-cadmium 
but also sealed-lead and nickel-hydrogen. All of which 
offer you unsurpassed power delivery in a multitude of cell 
sizes. With batteries ranging from 0.065 amp-hours to 
awhopping 25. 

And you getall of this no matter where you happen to 
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be, because our assembly and packaging facilities are 
located throughout the world. And there’s equal support 
for smaller quantity needs, thanks to our strategically 
located Value-Added Centers. 

Great ideas deserve to become great products. And 
great products deserve to become even greater. Give us a 
chance to show you why we’re the company idea people 


turn to most. Call us at 
1-800-627-1700. And 

, a4 
experience the power LD ale. 


of your great idea. 


The power of great ideas.” 


Energy 
Products 


The future 
is in the cards. 


Pick a Star Card IC memory 
device and something rather 
magical happens: 

A world of possi- 
bilities is placed in the 
palm of your hand. 

Holding the 
Star Card gives you 
the industry's most complete 
portable data storage and 
retrieval system. 

Unlike other devices, the 
Star Card has such features as an 
optional Card Disk File, a remov- 
able storage unit that can input 
or Output data with as many as 
eight cards instantly. In addition, 
the Star Card System is available 
in a wide variety of RAM and 
ROM versions. 

ITT Cannon is the only 
IC memory card manufacturer 
producing in the United States, 
with additional production and 
customer service in Europe and 
Asia to assure you multi-source 

. availability world- 
| wide. And the 
only com- 
pany that 
ee =| manufac- 
tures its own 
interconnect system, designed 
specifically for the Star Card, 
and rated for dependable per- 
formance up to 10,000 mating/ 
unmating cycles. 

Since the connector is one 
of the most vital components to 
your IC memory card system, this 
kind of performance is critical. 

With such reliability, your 
applications for the Star Card 
are endless. Virtually any environ- 
ment where the space is confined, 
the conditions are rugged or the 
technology advanced. 

The future is yours to 
design with Star Card—the only 
complete IC memory card system 
available. For more information, 
please contact: 

ITT Cannon Components 
185] East Deere Avenue 
PO. Box 000 

Santa Ana, CA 92705-6500 


Telephone: (714) 2615300 
FAX: (714) 757.8301 


ITT Cannon 


AN ITT EMC WORLDWIDE COMPANY 


Discover our stn 
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Today’s thermo- 
stats are available 
in standard pack- 

ages, SO you can at- 
tach a thermostat 
to your pc board as 
easily as you can 
insert a transistor. 


Anne Watson Swager, 
Associate Editor 
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Thermostat packaging 


adds design flexibility 


hermostats are now available 
in DIP, surface-mount DIP, 
TO-5, and TO-220 package 
styles, making it easy to im- 
plement a temperature-con- 
trol or overtemperature-warning sys- 
tem right on a pe board. Thermostats 
in these standard configurations can 
sense pc-board ambient temperatures or 
monitor the surface temperature of a 
heat sink. Although these devices are 
based on a long-established, bimetal- 
dise technology, the higher density of 
transistors within ICs—and of surface- 
mount ICs on pe boards—warrants a 
new look at how thermostats can alert 
you to heat-related problems. 

In addition to thermostats, you can 
choose from a variety of products for 
thermal protection, such as thermistors 
and thermal fuses. 
The usefulness of 
these devices is 
limited, however. 
Thermistors re- 
quire external 
components to con- 
trol temperature, 
and thermal fuses 
are simply shut- 
down mechanisms 
that require man- 
ual replacement. 
The thermostat is 
the most versatile 
thermal protector 
because it can 
both sense and act 
on temperature 
changes. It can 
also provide ad- 
vance warning of 
temperatures be- 


sinks. 


yond desired limits or shut down an en- 
tire system. 

Motor protectors are specialized ther- 
mal protectors that include a thermostat 
along with an internal heating element. 
The internal heaters simulate the in- 
creased winding temperatures that are 
caused by an increase in current. The 
thermostat protects against excessive 
temperature, and the heaters protect 
against excessive current. 

The basic thermostat is a disc-oper- 
ated, bimetal thermal switch, typically 
spst or spdt. The contacts of these 
switches open and close at factory- 
preset temperatures based on the snap 
action of an internal bimetal disc. Al- 
though the action of each switch from 
each manufacturer varies somewhat, 
Fig 1 illustrates their typical construc- 


The standard packaging of thermostats makes them more convenient to 
use in many applications. The 6700 Series from Airpax conforms to the 
TO-220 package standard and can sense the surface temperature of heat 
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Actual output 


20 WATTS 


Actually meets 


MIL-STD-2000 
MIL-STD-810C 
MIL-S-901C 
MIL-STD-461C 
MIL-STD-704D 
NAVMAT GUIDELINES 


Mil/Pac™ high-density military power supplies. operate at temperature extremes from —55°C to +100°C. 


Introducing NDI DC-to-DC converters that meet an unprec- Mil/Pacs are designed with a field-proven topology that’s 
edented combination of military design demands. Plus been verified by rigorous environmental stress screening. 
having the highest power-to-volume ratios of any full-mil They’re available with MIL-STD-2000, or without. Either way, 
qualified products. : the specs are worth reading. 

Mil/Pacs come in 20W, 35W and 50W configurations, Just write us at 2727 S. La Cienega BI., Los Angeles, CA 


with single (5, 12, 15,24, 28V) and dual (+12V; +15V) outputs. | 90034. Or call (213) 936-8185. 
They handle a wide 14V to 31V range of input. And 
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tion. The bimetal disc is a tempera- 
ture-sensitive actuating element. 
As the temperature reaches its cali- 
bration point, the curvature of the 


internal disc snaps to its reverse po- | 


sition, which activates the switch- 
ing mechanism. This mechanism in 
turn opens or closes the switch. 
Switches are available that either 
open or close due to a temperature 
rise. Most switches reset automati- 
cally once the temperature de- 
creases to a certain point, but man- 
ual-reset thermostats are also avail- 
able. For example, Selco Products’ 
Model 608, which sells for $4 (100), 
features a pushbutton reset. 


Packages add convenience 


Each thermostat is a combination 
of physical, electrical, and thermal 
characteristics; these three proper- 
ties determine which thermostat 
you choose. Thermostat manufac- 
turers design newer devices with 
physical characteristics—namely 
packaginge—in mind, offering famil- 
lar DIP, surface-mount DIP, TO- 
220, and TO-5 standard package 
styles. Before a few years ago, most 
thermostats were based on a 0.5- 
in., Snap-action disk design, but 
these newer devices feature sub- 
miniature construction. 

Airpax recently made its 6600 
DIP Series of spst thermostats 


Thermostats in TO-5 packages, such as Elmwood Sensors’ 3600 Series, are designed to 
sense the ambient temperature on and around pc boards that are stuffed with logic-level 
circuitry. 


available in a gull-wing, surface- 
mount package. Both the standard 
DIP and surface-mount devices are 
designed for use on pc boards. Typi- 
cal uses include turning on an indi- 
cator light or audible alarm, switch- 
ing on a control circuit, controlling 
the speed of a fan, or shutting down 
a system. 

The company also manufactures 
the 6700 Series spst thermostats, 
which are housed in a TO-220 pack- 
age. The 6700 Series was developed 


Fig 1—The operation of most thermostats is based on a snap-acting disk mechanism. As 


the temperature rises, the disk snaps to its reverse curvature position and activates the 


switch mechanism. 
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primarily for use with power sup- 
plies, power-conditioning equip- 
ment, and uninterruptible power 
supplies, but you can also use it on 
pe boards. The thermostat features 
a nickel-plated, copper mounting 
bracket isolated from the operating 
contacts. This mounting bracket 
lets you install the thermostat di- 
rectly on a heat sink. By sensing 
the surface temperature, the ther- 
mostat detects any overtempera- 
ture condition caused by compo- 
nents that are mounted directly to 
the heat sink or in proximity to it. 
Both the 6600 and 6700 Series de- 
vices cost less than $2 (10,000). 
Thermal spst switches are avail- 
able in a TO-5 package from 
Elmwood Sensors and Therm-O- 
Disc. Like Airpax’s 6600 Series, 
these devices are designed to pro- 
tect low-power and logic-level cir- 
cuitry by monitoring ambient tem- 
perature around the pc board. 
Elmwood’s 3600 opens on tempera- 
ture rise, and the 3601 closes on 
temperature rise; both types cost 
less than $2 (5000). The 83T thermal 
switches from Therm-O-Disc cost 
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$2.25 (5000). 

All of these devices in standard 
packages are compatible with auto- 
insertion equipment and can with- 
stand wave-soldering and board- 
washing operations. The TO-5 de- 
vices are hermetically sealed, and 
Elmwood’s 3600 features an electri- 
cally isolated case ground lead. 


Devices brave harsh environments 


Other precision thermostats are 
packaged to withstand rugged envi- 
ronments. These devices include 
specifications for acceleration, 
shock resistance, and vibration re- 
sistance, and they meet MIL-S- 
24236. Both Texas Instruments and 
Elmwood Sensors provide thermo- 
stats for these environments, but 
not in standard electronic packages. 

Texas Instruments’ extensive 
line of Klixon products includes pre- 
cision thermostats such as the 3BT 
and 4BT devices, which feature 
military qualification in a light- 
weight (0.2 to 0.9¢), miniature-size 
(0.189 x 0.156-in.) package. A vari- 
ety of packages are available, in- 
cluding packages with pin-type ter- 
minals for pe-board assembly. The 
3BTs at $7 (1000) and 4BTs at $9 
(1000) can withstand 100g of shock, 
30g of vibration (5 to 2000 Hz), and 
200g of acceleration. 

TI’s 5BT spdt thermostat ($16 
(1000)), one of few thermostats that 
has a double-throw contact, is a 
high-reliability, hermetically sealed 
thermal switch. You can use one 
pole of the switch to control a cool- 
ing fan and the other pole to signal 
another control element, such as a 
wP. The diameter of the 5BT pack- 
age iS approximately 0.64 in., and 
its height is approximately 0.358 in. 

Elmwood Sensors’ 3200 and 3500 
Series thermostats are designed for 
high-end military applications. 
These devices meet MIL-S-24236 
and MIL-STD-1547 level S require- 
ments, and they’re qualified for use 
in space shuttles and other propul- 
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sion vehicles. Specifically, you can 
use them in heat blankets, gyro- 
scope temperature controls, and 
batteries. The 3500 Series features 
high reliability in extreme environ- 
ments, which may be encountered 
in applications such as aircraft-wing 
temperature control. These sensors 
cost from $20 to $400 each and are 
usually made to order. 


Check current, voltage ratings 


Physical characteristics are im- 
portant for ease of use, but the 
thermostat’s electrical characteris- 
tics are critical to its performance. 
The current and voltage ratings 
must be sufficient for your applica- 
tion. You must also consider the 
amount of contact isolation and the 
contact resistance. 

Another important characteristic 
is the time required for the switch 
contacts to make and break. Unfor- 
tunately, many thermostat data 
sheets don’t specify the switch 
time. According to TI, the switch 
time also depends on aspects 
around the thermostat such as the 
mounting surface and the air veloc- 


Thermal cutoffs implement 
one form of thermal protec- 
tion. Thermo-O-Disc’s Micro- 
temp cutoffs, priced at $0.30 
(5000), open the circuit when 
overtemperature occurs and 
must be manually replaced. 
The photo also features the 
company’s 36T thermostat. 


ity. Switch time is therefore diffi- 
cult to specify. The company says 
that its 3BT and 4BT devices switch 
in less than 5 sec under most condi- 
tions. As for the thermostats in 
standard packages, Airpax does 
specify the contact bounce-to-make 
time for its 6600 and 6700 Series 
as 3 msec max. 

The electrical ratings for the 
small, pc-board-mountable pack- 
ages lie roughly in the same range 
and apply only to resistive loads. 
The contact resistance of the de- 
vices typically ranges from 20 to 50 
mQ). The insulation resistance at 
500V de. varies from 20 MQ) for 
Elmwood’s 3600 to 100 MQ) for the 
Airpax models. Airpax’s 6600 and 
6700 Series have contact ratings of 
30,000 cycles at 1A, 48V de or 
100,000 cycles at 20mA, 5V de; 
Elmwood’s 3600 is rated at 1A, 28V 
de/ac and at 5mA, 5V de/ac for 
100,000 cycles. The 88T from 
Therm-O-Disc has contact ratings of 
1A, 35V de for 10,000 cycles and 
ImA, 10mV de for 100,000 cycles. 

Thermostats designed for 
rougher environments feature 
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SIEMENS 


SAMSAN" Displays. Our Technological 
Superiority Has Certain Visible Advantages. 


Working with Small package. These pin-for- 
AlphaNumeric (SAN) SAMSAN Features pin replacements for Siemens Super SAN 
displays used to impose cubes DER cinee Hewlett-Packard SANs Display Swap. 
certain compromises. and yellow. offer a wider range SANGANC Uo Bie 

You had to put up pine or nce of operating tempera- ment for HP SANs. So sure that if 
with the high power se SEY tures than HP’s commer- ee eae 
consumption and heat for many existing ceramic cial bipolar ceramic plastic SAMSANs to replace it. Mail 

toe ; applications. : your request on your letterhead to 
dissipation of bipolar - CMOS driver offers 30% device. For as little as R. Waltonsmith. Be sure to specify 
technology, which lower power consumption half the price. your color choice. 
required expensive heat ieee Pe gh And SAMSAN LED 
sinks and PCB designs. sink not required for most displays are built with 
And you paid dearly Bim ouss ee CMOS technology. So 
for the high cost of packages. fs their lower power con- 
ceramic packaging and | - rel packade he sumption and heat dissi- 
: vaiuabie real estate. ; 
the lack of price o EKG satieabic: pation make thermal 
competition. - Also available in hi-rel/ management simple. 
military hermetic ceramic : 

Now the COMP ee package versions. siemens Components, Distributors: Advent Electronics, inc, Almo | SS _ 
that brought you the first Inc.Optoelectronics —_—_Electronics, Hall-Mark, Insight Electronics, — oO 
CMOS SANs expands : Division, 19000 Home- _—— Marshall, Summit, Western Hebe S = _ 
the family of Siemens Advanced Model _ stead Road, Cupertino, CA 95014. Siemens... Se 
SAN (SAMSAN) displays in a plastic (408) 725-3423, oe Praca Solutions by Design. | 


6 1969 Siemens Component ne. 4 885- M23A- 012 SAMSANs a tademarkof Siemens Components ne 
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slightly higher ratings. For exam- 
ple, Elmwood’s 3200 Series for 
aerospace and military applications 
are rated at 5A, 28V dec resistive 
load. The 3500 devices are rated at 
5A, 380V de or 115V ac resistive 
load. All ratings are for 100,000 cy- 
cles of operation. The company also 
rates these military products for in- 
ductive and lamp loads. 


Choose the switch point 


The last set of specifications you 
should consider before choosing a 
thermostat are its thermal charac- 
teristics. These characteristics in- 
clude the device’s operating tem- 
perature range, the temperatures 
at which the contacts open and 
close, and the differential tempera- 
ture that allows the thermostat to 
return to its original position once 
the temperature returns to a safe 
level. The specifications usually in- 
clude a typical open (or close) tem- 
perature and a minimum close (or 
open) temperature, with a mini- 
mum specification for the differen- 
tial between the two. 

Most of the thermostats men- 
tioned belong to families that in- 
clude preset values in degree incre- 
ments. Thermostats in DIP, TO-5, 
and TO-220 packages typically fea- 
ture temperature trip points from 
40 to 120°C in 5-degree increments. 
The differential temperatures 
range from 4 to 9°C. 

High-reliability and military de- 
vices feature wider temperature 
ranges. Elmwood’s 3200 and 3500 
Series include devices with trip 
points from —51 to +163°C and 
—51 to +204°C, respectively. TI’s 
OBTs feature trip points from —65 
to +450°F (—54 to +232°C). The 
differential temperature ranges for 
these devices vary. Elmwood’s 3200 
and 3500 Series feature devices 
whose differentials range from 9 to 
20°C and 5 to 40°C, respectively. 
The standard differential for TI’s 
SBTs is between 20 and 30°F (ap- 
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Pushbutton reset thermostats are available from Selco Products. Their 602 and 603 auto- 
and manual-reset, spst thermostatic switches feature temperature set points from 60 to 450°F 
(15 to 282°C). 


proximately 11 to 16°C). 

When you’re comparing the 
physical, electrical, and thermal 
characteristics of these thermo- 
stats, remember that thermostat 
manufacturers offer many custom 
products, and most of the manufac- 
turers mentioned here have cus- 
tom-development capabilities. Cus- 
tom products are much costlier than 
off-the-shelf devices, but if you need 


a combination of features that 
aren’t available in one product, you 
probably can get them custom 
made. Fortunately, manufacturers 
currently offer standard products in 
packages that suit many electronics 
applications. EIN 


Article Interest Quotient 
(Circle One) 
High 515 Medium 516 Low 517 


EDN. 


Airpax Corp 


For more information... 


For more information on the thermostats discussed in this article, circle  — 
the appropriate numbers on the Information Retrieval Service card or use __ 
EDN’s Express Request service. When you contact any of the following __ 
_manufacturers directly, please let them know you saw their products in 


Selco Products Co 


Therm-O-Disc 


Box 868 
Cheshire, CT 06410 


7580 Stage Rd 
Buena Park, CA 90621 


1329 S Main St 
Mansfield, OH 44907 


(203) 271-6000 (213) 921-0681 (419) 525-8500 
FAX 203-271-6500 (800) 257-3526 FAX 419-525-8365 
Circle No 700 TLX 655457 Circle No 704 


Circle No 702 


Elmwood Sensors 
500 Narragansett Park Dr 
Pawtucket, RI 02861 
(401) 727-1300 

FAX 401-728-5390 

Circle No 701 


Texas Instruments 
34 Forest St 
Attleboro, MA 02703 
(508) 699-3800 

FAX 508-699-1598 
Circle No 703 
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Tight Loops, Data li 
(e.g. Laser Prin 


a controller be 
satisfies both the performance a 
cost objectives of your embedded 


control designs. Using IDT’s R3000 _ 


RISC family, you can meet exact - 
system performance requirements 
by varying the component speeds 
and memory configuration — and 
minimize overall system cost. 


Satisfy your system needs 

Real-time systems demand high 
computational bandwidth and fast 
context switching, both prominent 
features of the R3000. And con- 
troller designs using the R3000 can 
be implemented either with no 
cache memory or with hierarchical 
memory. 

Additional functions are available 
if needed, such as the optional 
Floating Point Accelerator, R3010. 
And the highly integrated R3000 
uses fewer components than 
comparable systems. 


Performance upgrades 
When you design with the R3000, 
you're not locked into a single 


Macintosh is a trademark of Apple Computer, Inc. 
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[OT 71586 


Take Control of Your Application 
with IDT's RISC 


Instr Memory 
(3 Each) 
IDT 71586 


“Task Kernel 
Instr pia read ‘ \nstr Memory 
(3 Eac : (3 Each) 
el Altre : WOT 74586 


Data Mamory 
(3 Each) 


performance level. R3000 designs 
can be upgraded for products 
needing higher levels of perfor- 
mance, or can be reconfigured for 
lower cost/lower performance 
models in the same product line. 


Complete design support 
We offer powerful RISC 
development tools such as IDT’s 
new RISC add-in card for the 
Macintosh™ II. CPU and cache 
modules are available to get your 
prototype working quickly. And IDT 
supports the R3000 with logic, 
peripherals, and memory, like the 
new 71586 4K xX 16 RAM with 
address latches on-chip for lower 
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mited Memory Required 


ens. And a real-time 
*xecutive is 

ectly from IDT! 

m count on us 

ll (408) 492-8225 and we'll send 
ua copy of IDT’s Development 
pport Product Guide, the 


Embedded Control Applications 


Handbook and a copy of our 1989 


‘Data Book Supplement. To discuss 


your RISC needs and get informa- 
tion about monthly RISC training 
courses and application support, 
call our Marketing Hotline at 
(408) 492-8379. 

IDT, P.O. Box 58015, 3236 Scott 
Blvd., Santa Clara, CA 95052-8015, 
FAX 408-492-8674. 


When cost-effective performance counts 


Integrated 
Device Technology 
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FC-1 
FDD SCSI Interface 
Controller 


eISCSIFDD Kg 


The Easy Wayjto|MakeWourBloppy/Disk 
Drives Intelligent™ 


An FC-1, small enough to fit inside a 3.5” FDD, 
has the intelligence to handle device-independent 
control of 3.5 and 5%” FDDs for the host computer. 
At its best with 4MB perpendicular recording 
method drives like the TEAC FD-235J, and equally 
happy with formats down to 0.5MB, it is compact, 
lightweight, and competitively priced. Also offer- 
ing expansibility and reduced host loads, the FC-1 
is ideal for the widest possible range of 


applications. 
TEAC FDDs with built-in FC-1 SCSI controllers, 
including the FD-235HS and FD-235JS, are also FD-235J 
available. CIRCLE NO 58 3.5” Micro Floppy Disk Drive 


TEAC CORPORATION 3-7-3 NAKA-CHO, MUSASHINO, TOKYO, JAPAN TEL: (0422)52-5041 TLX: 2822451 FAX: (0422)55-2554 


Hong Kong, Nissei Sangyo Co., Ltd. Hong Kong Branch Tel: 3-343441-6; KARIN ELECTRONIC SUPPLIES CO., LTD. Tel: 3-898252 MSingapore, NISSE! 
ELECTRONICS, LTD. SINGAPORE BRANCH OFFICE Tel: 2357900; UAC SINGAPORE REP. OFFICE Tel: 2922608 HINew Zealand, DATAMATIC 
NETWORKS LIMITED Tel: 09-444-0760 MiAustralia, AWA DISTRIBUTION Tel: 02-888-9000 Hlindonesia, CHUGAI BOYEKI CO.,LTD. Tel: 370824 
EPhilippines, COMPEX INTERNATIONAL INC. Tel: 213020 india, Priya Electronics & Chemicals Limited Tel: 2863611 MiKuwait, Bader Al Mulla & 
Brothers Co. W.L.L. Tel: 2423250 MUnited Kingdom, TEKDATA LIMITED Tel: 0782 577677; Data Peripherals (UK) Limited Tel: 0785 57050 MIF.R. Germany, 
nbn Elektronik GmbH Tel: 08152/390 MlAustria, nbn Elektronik GmbH Tel: 0316/40 28 05 MiNetherlands, SIMAC DATA B.V. Tel: 040-582933 HiBelgium & 
Luxemburg, SIMAC ELECTRONICS SPRL/BVBA Tel: 02/252.36.90 HiFrance, TEKELEC AIRTRONIC S.A. Tel: (1)4534-75-35 Miltaly, A.E.S.S.E. S.p.A. Tel: 
02/54.64.741 MSpain, ATAIO INSTRUMENTOS S.A. Tel: 733 05 62 HiPortugal, BASF PORTUGUESA LDA. Tel: (351) 1-562511 MiSwitzerland, WENGER 
PERIPHERALS AG Tel: 01/830 75 55 HiDenmark, Dansk Binzer Teknik A/S Tel: 03/66 20 20 HSweden, MACROTEC AB Tel: 08-733 02 20 MiNorway, 
SCANTELE A/S Tel: (02)65 69 20 HiFinland, INSTRUMENTARIUM CORPORATION Tel: 90-528 4338 

*/f no distributor listed above is in your area, please contact us directly for further details about our products. 


_UKE AND PHILIPS —- THE GLOBAL ALLIANCE IN TEST & MEASL 


PHILIPS 


The alliance between test and measurement ready-to-use graphics and analysis libraries, you can 
giants Fluke and Philips is excellent news if look forward to shorter development times. 
you're involved in configuring a GPIB test system 


controlled by a PC. GPIB interfaces for PC and PS/2 


Philips offers GPIB interface cards for the PC 

(PM 2201) and for the PS/2 (PM 2202). All Philips 

GPIB software packages can be executed on PC and — 
PS/2 and application programs written on PC canbe | 
executed on PS/2 and vice versa - that's part of our 


commitment to protect your investment now and in | single cree , 
the future. _ Specifications range { ( 


The two companies are among the world leaders in 
instrumentation for GPIB systems. Following the 
alliance between them the product range now 
offers the best choice for PC-based GPIB 
instrumentation systems including: 

oscilloscopes; generators; timer/counters; 
multimeters; switching and |/0; interfaces and 
software packages. 


Software to cut 
development times 


With Philips PM 2240 Test 
Team software your PC 
becomes a flexible GPIB 
| instrument controller. Test 
Team contains a large 
ibrary of instrument drivers which 
you complete control over your instruments 
rrying about cryptic command strings. =| ‘and trains, 


With fast and simple program generation, pus heen 
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National 
Semiconductor 


Breythingsin a 


our all-new linear seminar. 


Register to attend now 
and get the latest in 
innovative linear circuits. 


DON’T MISS THE LINEAR 
EVENT OF THE YEAR. 


As a worldwide leader in linear, 
National has developed many new 
innovative products since 
our last linear applica- 
tions seminar in 1987. 
And we'd like to share 
them with you. 

Like our Super-Block” 
family —the next-gener- 
ation solution for building- 
block users — offering a monolithic 
alternative to multi-chip solutions. 
And our self-calibrating A/D and D/A 
converters, which provide more 
on-board functions, higher resolu- 
tion, and higher speed. We'll also be 
unveiling the latest in easy and 
ready-to-use Simple Switchers, 
which deliver very high efficiencies 
for common regulator applications. 


HERE’S THE AGENDA. 


Whether you’re looking for 
high-performance products, new 
design tips, or trouble-shooting 
hints, National has the solution. Our 
experienced linear engineers will be 
conducting an all-day seminar that 
will cover a full range of applications. 
Session I: 

Classical Analog Applications 

°Op-Amps 

¢ Comparators 

e Sensors 

Session IT: 

Data Acquisition and Filters 

¢ Switched capacitor filters 

° Techniques for analog-to-digital 
and digital-to-analog conversion 

¢ Application circuits 

¢ References 
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Space is : Phoenix, AZ Nov. 15 | 
ae Albuquerque, NM Nov.16 
limited, SO please Denver, CO Nov. 17 it 
: 4 sey Anaheim, CA Nov. 28 i 
eer eT , Be Los Angeles, CA Nov. 29 : 
today. And place ¢ Woodland Hills, CA Nov. 30 
yours elf among San Diego, CA Dec. 1 


Session III: 
Special Functions 


¢ Power-plus control devices COMING SOON TO A CITY NEAR YOU. 


the leaders in | 
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The introduction 
of EISA interface 
ICs indicates that 
the EISA vs MCA 
bus fight is about 
to begin. You 
should compare 
the credentials of 
each contender be- 
fore betting on a 
winner. 


John Gallant, 
Associate Editor 
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he introduction of computers 
"for the Extended Industry 
Standard Architecture (EISA) 
in the fourth quarter of this 
year opens up new opportuni- 
ties for add-in-board manufacturers. In 
fact, a dominance battle may be brewing 
in the early 1990s between this upstart 
bus structure and its slightly more ma- 
ture rival, IBM’s Micro Channel Archi- 
tecture (MCA), which was introduced 
in April 1987. Whether the battle will 
produce a clear-cut champion is uncer- 
tain, but board manufacturers should 
compare the “tale of the tape” for the 
two contenders before developing new 
boards for either bus. 

Both EISA and MCA enhance the 
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performance of IBM’s 16-bit PC/AT bus, 
now known as the Industry Standard 
Architecture, or ISA (pronounced eye- 
sah). The architectures reflect the in- 
creased capabilities designed into Intel’s 
32-bit-wP family—beginning with the 
80386 wP and extending to future family 
members such as the 80486. Therefore, 
it isn’t surprising that the EISA (pro- 
nounced ee-sah) bus and the MCA bus 
have many similarities. 

The two architectures feature pro- 
grammable-configuration registers that 
eliminate the need for DIP switches, 
which are common to the ISA architec- 
ture. In addition, both systems define 
separate 82-bit address and 32-bit data 
buses along with control signals that are 
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ZIP your SOICs and save 
as much as 65% of your 
mother board real estate. 


We can convert your SOICs to ZIPs and reduce your mother 
board real estate requirements by 50% to 65%. A typical 14 lead 
ZIP-SOIC conversion occupies a .150 wide footprint, compared to 


325 if the same SOIC were surface mounted. 


There are standard Interplex ZIP-SOIC conversions that accommo- 


date 14 through 28 leads, including packages for larger 
SOICs. All are complete with decoupling capacitors and 
designed to fit within the new low profile VME and 
Multibus II board heights. If you require them, we'll also 
work with you to design and fabricate custom DIP and 


SOJ conversions to ZIP packages. 


For both standard and custom conversions, we'll 


eliminate the problems for you. Send us your 
integrated circuits and we'll provide the rest — 
daughter boards, decoupling capacitors, assembly 
and, when they are needed, design and develop- 
ment services. You'll get complete ZIP packages, 


ready for simple through-hole mounting. 
In addition to ZIP conversions, we Offer reliable contract assembly 
services with a particular specialty in surface mount, plus leadless-to- 


leaded chip carrier conversions and a line si 

Standard and custom SIP and . 

SIM memory modules. 
Please contact 

us for details. 


finterrollex: 


Technologies Corp. 


Corporate Sales Office g: a 
NAS/nterplex Technologies 
38] Park Street F ahaa yex 
Hackensack, NJ 07602 AGUSRICS 
Telephone: 201/343-3156 
FAX: 201/343-4883 ats atl! 
Technical and Manufacturing 
Facilities 
70 Fulton Terrace 
New Haven, CT 06512 
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compatible with Intel’s 32-bit pP 
family. Both architectures also de- 
fine a bus-arbitration protocol when 
multiple DMA slaves and bus mas- 
ters coexist with the CPU. Further, 
unlike the ISA bus, both EISA and 
MCA implement an improved 
power and ground system to handle 
higher-speed technologies. In addi- 
tion, they implement shared, level- 
sensitive interrupts to improve the 
reliability of the interrupt system. 


Different strokes 


The differences between the two 
architectures are primarily in de- 
sign philosophy. MCA is a result 
of an internal collaboration between 
IBM’s PC and mainframe organiza- 
tions. In designing the MCA, the 
company took a revolutionary ap- 
proach to bus structure, believing 
that defining a new bus architecture 
would be more efficient than imple- 
menting the design changes into the 
ISA. 

In contrast, the consortium of 
nine computer manufacturers who 
defined EISA were driven by other 
ambitions. The so-called “gang-of- 
nine’—Compaq, Epson, AST, 
Hewlett-Packard, NEC, Olivetti, 
Tandy, Wyse, and Zenith—wants 
to remove itself from under IBM’s 
umbrella by developing an open ar- 
chitecture that won’t be held hos- 
tage to specification changes, which 
IBM could introduce at any time. 
In addition, the consortium believes 
that a wide customer base exists 
for an advanced, 32-bit bus architec- 
ture that’s backward compatible 
with ISA-style plug-in boards. 

You only have to see the differ- 
ences between the bus connectors 
to observe the differences in the de- 
sign philosophies of the two buses. 
The timing requirements of high- 
performance Ps, such as Intel’s 
80386, would strain ISA’s confor- 
mance to electromagnetic radiation 
standards. Therefore, IBM uses a 
more effective distributed-power 
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Board-interface ICs proliferate for IBM’s 
PS/2 MCA computer bus. Data Transla- 
tion’s DT7920 has two independent DMA 
controllers that can arbitrate for bus control. 
The configuration lets you bandy data be- 
tween two DMA channels for largely unin- 
terrupted data transfer. 


and -ground system throughout the 
MCA bus connector to contain emit- 
ted radio frequencies. 

An ac ground is on every fourth 
pin on both sides of the MCA bus 
connector. The ground pins on one 
side of the connector are offset by 
two pins from the ground pins on 
the other side. In addition, the con- 
nector uses pins spaced 50 mils 
apart, as in the lead spacing of 
many surface-mount components. 
The signal-pin organization is logi- 
cally grouped to minimize the num- 
ber of lines required for VLSI inter- 
face ICs. The net result is a bus 
structure that’s entirely different 
from ISA. 


Compatibility: EISA’s watchword 


In contrast, one of the driving 
forces behind the EISA connector 
is compatibility with existing ISA 
boards. After receiving several de- 
sign proposals, the consortium has 
adopted a bilevel-connector design 
by the Burndy Corp. The connector 
has 192 pins arranged in two levels 
of contacts. The upper level is com- 
patible with the ISA bus, and the 
lower level defines the pins for the 
EISA standards (Fig 1). 

Key elements in the design are 


slots in the connector body that per- 
mit notchea, 32-bit plug-in cards to 
interconnect with the lower level of 
contacts. The slots block existing 8- 
and 16-bit, ISA-style cards from 
touching the lower contact level. 
Therefore, ISA-style cards use only 
the upper contact level, which is 
100% compatible with the ISA bus. 
The EISA connector has the 
same dimensions as the current 98- 
pin ISA connector. It adds 55 new 
signal pins and a number of distrib- 
uted-power and -ground pins. In ad- 
dition, EISA add-in cards have 63 
in* of usable board space and can 
use 4.5A from the 5V power supply. 
In contrast, an MCA card has only 
86 in? available for building cir- 
cuitry, and it’s limited to a maxi- 
mum of 2A from the 5V supply. 


Noise is a nasty interrupt 


Both architectures offer many 
similar capabilities, but the ISA- 
compatibility issue influences their 
implementation. For example, the 
ISA bus has active-high interrupt 
lines so that only one board can use 
a specific interrupt line, thus limit- 
ing the number of interrupt-driven 
devices. In addition, the interrupts 
are edge triggered, making them 
susceptible to noise spikes. 

The MCA permits multiple de- 
vices to share a common interrupt 
line. The MCA has eight available, 
active-low, interrupt-request lines. 
You can connect more than one in- 
terrupt source to the same inter- 
rupt-request line in a wired-OR 
fashion, using open-collector driv- 
ers. Each device that wishes to 
share an interrupt-request line 
must set a bit in an I/O register to 
indicate that it requires service. 
The interrupt-service routine polls 
the bit for a particular interrupt 
level to see which adapter gener- 
ated the interrupt. After servicing 
the interrupt, the routine resets the 
bit. 

The EISA specification supports 
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both edge-triggered, active-high in- 
terrupts and shared, active-low in- 
terrupts. It uses the same 11 inter- 
rupt lines defined on the ISA bus. 
Existing ISA cards can use the 
edge-triggered protocol, but they 
must use a dedicated interrupt line. 
New EJISA cards can share an inter- 
rupt line, but they must have an I/O 
register that indicates which board 
set the interrupt, similar to the 
MCA. The system board contains 
an edge/level triggered register 
that the operating system can inter- 
rogate for the status of each inter- 
rupt configuration. 

Both architectures define differ- 
ent types of bus cycles for data 


8- OR 16-BIT STANDARD 


DAUGHTER BOARD 


ISA INSERTION 


Fig 1—The EISA bus connector features a bilevel arrangement of contacts. The Burndy connector has slots that allow EISA cards to 


transfer. The MCA is defined as an 
asynchronous bus because it doesn’t 
have a common bus-clock line. Its 
synchronous-default bus cycle is 
synchronized to the current bus 
master’s CPU clock, and it’s speci- 
fied as 200 nsec min. The cycle be- 
gins when the master asserts the 
ADL (address decode latch) signal, 
indicating that the current bus ad- 
dress is valid. The ADL signal lasts 
for 1 CPU-clock period. The master 
then asserts the CMD (command) 
line to transfer the data. The CMD 
line lasts for 8 CPU-clock periods 
in no-wait-state designs. Therefore, 
a synchronous-default bus cycle re- 
quires 4 CPU-clock cycles. A sys- 


be fully inserted, but ISA cards can connect only to the upper level of contacts. 
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tem that has a 16-MHz CPU (a 62.5- 
nsec CPU-clock period) has a no- 
wait-state, synchronous-default cy- 
cle of 250 nsec. 

A slave that can’t operate at the 
default speed has two options for 
extending the bus cycle: it can 
transfer the data via a synchronous 
or asynchronous extended cycle. 
First, the slave must negate the 
card channel-ready line in response 
to the master’s assertion of the 
(ADL) signal. The way the slave 
reasserts the channel-ready line de- 
termines whether the data transfer 
occurs via a synchronous or asyn- 
chronous extended cycle. If the 
slave reasserts the channel-ready 
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ADC603 IOMSPS 12-Bit Sampling ADC 


Brand v 


Burr-Brown invented the 
first |C JOMSPS, 12-bit A/D 
converter. And today, the 
ADC603 is still out in front 
with the best guaranteed 
dynamic performance, 
the best price, and the 
best delivery in the 
industry. 


Out Front 
in Dynamic 


Performance 


ADC603 achieves the 
best spurious-free 
dynamic range by 
minimizing noise and 
distortion. Laser-trimming 
and an efficient design 
ensure its ability fo meet 
stringent distortion, 
accuracy, and linearity 
SPECS. 

It's a complete, sub- 
ranging ADC subsystem 
with sample/hold 
amplifier, ADC, precision 
voltage reference, digital 
error corrector and 
timing controller, allina 
compact 46-pin DIP. 

Two temperature ranges, 
plus a milifary version, 
are available. 
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line in response to the assertion of 
the CMD line by the master, the 
bus cycle is synchronously extended 
by 1 CPU-clock period. The asyn- 
chronous extended cycle lengthens 
the bus cycle until the slave asyn- 
chronously reasserts the channel- 
ready line within 3 psec. 

In addition, IBM PS/2 machines 
(such as the Model 80) that support 
32-bit data transfers have a 
matched-memory bus cycle that re- 
quires only 3 CPU-clock periods 
(187.5 nsec for 16-MHz machines). 
A 32-bit-wide memory card can re- 
quest the use of this bus cycle by 
asserting a matched-memory-cycle 
request (MMCR) signal when the 
current bus master addresses the 
memory card. - 

The DMA controller in the cur- 
rent models of the PS/2 computer, 
however, don’t support 32-bit DMA 
transfers. The controller transfers 
8- or 16-bit data using a single 
transfer or a burst mode. In burst 
mode it transfers data a minimum 
of every 500 nsec on the MCA bus. 
Therefore, the maximum DMA 
burst-transfer rate is 4M bytes/sec 
when transferring 16-bit words. 


EISA uses a synchronous bus clock 


The EISA synchronous bus has 
an 8.33-MHz bus-clock line, and the 
EISA specification defines a variety 
of synchronous bus cycles. The only 
available VLSI devices that imple- 
ment the standard are in Intel’s 
82350 EISA bus chip set. The set 
includes two system-board devices: 
the 82858 EISA bus controller 
(EBC), which costs $120 (1000); and 
the 82357 integrated-system pe- 
ripheral (ISP), which costs $99 
(1000). The set also features an add- 
in-board interface chip, the 82355 
bus-master interface controller 
(BMIC), for $35 (1000). The ISP in- 
corporates a DMA controller, an in- 
terrupt controller, bus arbitration, 
and dynamic RAM (DRAM) refresh 
functions. 


30 


The EBC facilitates the execution 
of bus cycles between the host CPU 
and the EISA bus. Because EISA 
includes all of the ISA features, the 
EISA bus cycles can be considered 
a superset of the ISA bus cycles. 
The current bus master must syn- 
chronize the start of the bus cycle 
to the bus clock. After synchroniza- 
tion, the master issues a START 
command that lasts for 1 bus-clock 
period. The START signal is func- 
tionally equivalent to MCA’s ADL 
signal. 

The bus master then asserts the 
CMD line, which lasts for another 
bus-clock period. The rising edge of 
the bus-clock signal transfers the 
data while the (CMD) signal is low. 
The standard bus cycle with no-wait 
states lasts for 2 bus-clock periods. 
An EISA slave can also request a 
compressed bus cycle that lasts for 
1.5 bus-clock periods. 

EISA’s 8.38-MHz bus-clock fre- 
quency defines a minimum bus- 
clock period of 120 nsec. Slave de- 
vices insert wait states using the 
channel-ready command or an 
EISA Ready signal that’s synchro- 
nous with the bus-clock period. The 
specification is similar to that of the 
MCA, in that it defines a combina- 
tion of 8-, 16-, and 32-bit data trans- 
fers. Intel’s EBC performs the 
translation algorithm necessary to 
assemble the bus cycles according 
to the master and slave size. 

In addition, the ISP’s DMA con- 
troller transfers data using four 


TABLE 1—EISA DMA TIMING MODES 


_ MINIMUM 


| CYCLETRANSFER | 
TIME ~~ =| MAXIMUM” 
DMA TIMING | ___(nSEC/ DATA-TRANSFER RATE 
MODE | SINGLECYCLE) |  (M BYTES/SEC) 
COMPATIBLE | _ 4.17 
TYPEA se 5.56 
TYPES 8.33 
TYPEC 33.33 


a Le 
(BURST MODE) | (1 BUS-CLOCK | 
| = =FERIOD) 


DMA timing modes (Table 1). Slow 
DMA slaves can use the compatible 
timing mode, which transfers data 
at 1000 nsee/cycle. Fast 32-bit DMA 
slaves can use a burst mode, which 
transfers a 32-bit word on every bus 
clock. DMA slaves designed to use 
the burst mode can achieve a 
33.33M-byte/sec transfer rate. 

A major difference between the 
two architectures lies in the most 
touted feature of both—bus arbitra- 
tion for multiple bus masters and 
DMA slaves. MCA uses a distrib- 
uted-arbitration protocol, and 
EISA uses a centralized protocol. 

The MCA bus features a central- 
arbitration control point located on 
the system board. The control point 
supports as many as 16 arbitrating 
devices, such as a DMA slave, a 
bus master, or the system CPU. 
Arbiters initiate an arbitration cy- 
cle by driving the PREEMPT line 
active. The control point indicates 
that an arbitration cycle is in pro- 
gress by driving the ARB/GNT line 
to the arbitrate state. 

The arbiters then drive their as- 
signed 4-bit arbitration levels 
(ARBO through ARB38) onto the ar- 
bitration bus. Any arbiter that sees 
an arbitration value on the bus 
that’s lower than the value assigned 
to it must stop driving the bus. 
Therefore, the lowest arbitration 
level wins control of the bus when 
the control point places the ARB/ 
GNT line into the grant state. 

To implement the MCA arbitra- 
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Improve your 
motor skills. 


Siliconix’ new 
system solution 
for more efficient 
motor control. 
Combine an 
Adaptive 
MOSFET 

Driver with 

Fast tr MOSFETs. 
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The Siliconix S19910 
Adaptive MOSFET Driver 
and new Fast t,, MOSFETs 
optimize system efficiency. Used 
in tandem they provide circuit 
protection and logic interface in off-line motor applications. 

This unique CMOS-compatible solution for variable-speed 
motor control significantly improves system performance. With 
five circuit protection features and lower power losses, the 
combined system results in higher reliability, smaller size, lower 
cost and reduced design time. 
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The Si9910 and Fast t,, 
MOSFET family: system 
solutions for more efficient 
off-line control in motor 
drive and power supply 
applications such as major 
appliances, fans and blowers, 
industrial controllers, 


 .:. automobiles, power hand 


Improve your motor skills! Ask for your Si9910 and Fast t,, 
Motor Control Design Kit. Call our toll-free hot line now! 
1-800-554-5565, Ext. 946. 
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Now you can use 68000/020/030 in-circuit trace capability lets you examine program flow at 
emulators with your favorite tool—your work- the C, Ada? or assembler level. And eight hardware 
station. Where you usually develop code. And breakpoints let you find sequence-dependent bugs. 
write memos. The PROBE has pre-fetch dequeuing, too. Here, 

Atron’s PROBE Series 68000/020/030 emulators a special algorithm removes pre-fetched, unexe- 
support real-time emulation to 25 MHz. Remotely. cuted instructions from the trace sequence and 
So you can develop code on your favorite Sun or then realigns operands in the order that they 
VAX™ running VMS™ Download it fast via were executed. 

Ethernet™ to the PROBE. And execute it in the Workstations. Emulators. What's the difference? 
target in real-time. All from your desk. Thanks to Atron, now there isnt any. 

The PROBE has real-time trace, so you can view Call 1-800-283-5943 for more information on 
the history of your program's execution. Source remote emulation with Atron’s PROBE Series. 
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Ethernet is a trademark of Xerox Corp. VAX and VMS are trademarks of Digital 
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tion scheme, each potential arbiter 
on the bus must contain circuitry 
that performs the back-off algo- 
rithm. Fortunately, vendors of in- 
terface chips for the MCA include 
this circuitry in a number of their 
ICs. Capital Equipment’s 88C0l, 
Chips and Technology’s 82C612, 
Data Translation’s DT7920, and 
PLX Technologies’ MCA 1200/1210 
are several interface ICs that sup- 
port the arbitration logic (Ref 1). 
The ICs also support a fairness al- 
gorithm that prohibits a high-prior- 
ity arbiter from “hogging” the bus. 

Intel’s 823857 ISP implements 
EISA’s centralized arbitration pro- 
tocol on the system board. The arbi- 
tration unit assigns each of the bus 
arbiters to a slot at a specific inter- 
rupt level in a rotating priority 
scheme. For example, the interrupt 
level for the eight DMA channels 


Cathode Ray Tubes 


Thomas Electronics cathode ray tubes ... 
designed for Military, Commercial and Industrial applications ... 
from the most sophisticated avionics and photo-recording to 
the general computer terminal and medical display applications. 
Four production facilities to serve you best in 
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Fig 2—EISA’s centralized arbitration unit determines an arbiter’s priority on a rotational 


LEVEL 1 


MASTER 0 
MASTER 1 
MASTER 2 
MASTER 3 
MASTER 4 
MASTER 5 


(6-WAY 
ROTATION) 


LEVEL 3 


basis. The unit assigns equal weights to each arbiter at each level. 


considers all the DMA channels 
equal and are given an 8-way rota- 
tion. Similarly, the interrupt level 
for the six bus masters considers 
them equal and are given a 6-way 
rotation. The system CPU is the 
default master when no other re- 
questers exist. An example of the 


Wayne, NJ — Los Angeles, CA — and Clyde, NY. 


protection for more 


MOSFET protection 
improves your 
motor skills. 


At last, MOSFET 


priority assignments is shown in 
Fig 2. Essentially, the rotating pri- 
ority assignments provide a fairness 
protocol that prevents high-priority 
devices from “hogging” the bus. 
For example, a system that has a 
CPU, two bus masters (M1 and 
M2), and a DMA slave that’s using 


Nae sie's: 


efficient motor control! 


The Si9910 Adaptive MOSFET Driver provides dv/dt and di/dt control, 
shoot-through current limiting, undervoltage protection and short-circuit 
protection. In addition, it drives the high or low side of an n-channel 
half-bridge. 

Improve your motor skills! Ask for your Si9910 Motor Control Design 
Kit. Call our toll-free hot line now! 1-800-554-5565, Ext. 946. 
J Siliconix 


incorporated 


2201 Laurelwood Road, Santa Clara, CA 95054 © 1989 Siliconix inc. 
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Now it’s easier than ever to do 
your switch mode power supply 
shopping by going to Advance. 
Advance now offers two new quality 
lines of open frame and enclosed 
switching power supplies from 
Farnell Instruments in addition to 
the already-broad Advance line. 

The “N” Range open-frame units 
include models from 50 to 500 
watts, provide one to five outputs, 
meet international standards, 
incorporate the latest advances in 


703-018 
84 


power supply technologies, and are 
competitively priced. 

The “G” Range enclosed, 
convection-cooled units include 
models from 60 to 600 watts in a 
wide choice of voltage and current 
outputs. They are compact, high- 
efficiency units designed to meet 
strict RFI standards. 

When you need a precise 
dependable switching power supply 
up to 1500 watts for a well-designed 
instrument, computer or control, 
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Just like 


downtown! 


NEW Farnell Switching Power Supplies from Advance. 


call your Advance representative or 
call 1-216-349-0755 and take 
advantage of our one-stop shopping. 
FAX 1-216-349-0142. 


Advance Power Supplies 
32111 Aurora Road 
Solon, OH 44139 
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EISA vs MCA 


the second DMA channel (DMA2) 
rotates in the following sequence:. 


DMA2—CPU—DMA2—> M1 


DMA2—CPU—DMA2—M2 


An EISA bus master arbitrates 
for the bus by issuing an MREQx 
(memory request) signal that’s as- 
signed to an individual bus slot (x 
indicates the slot number). The 
master receives a grant when the 
system arbiter issues a MACKx 
(memory acknowledge) signal— 
another slot-dependent signal. 
EISA bus masters must release the 
bus within 64 bus-clock periods (8 
wsec) if the system arbiter negates 
the MACKx signal. A 16-bit ISA 
master can use an ISA DREQ 
(DMA request) line, and it can’t be 


PCM DECO 
EE 315 


8 to 16 Bits per Word. 
EE 751: BiPhase-L Bitsync. 


1 MBits/s. Piggyback board to EE 750. 


ADVANCED SOFTWARE: 

Datadisplay of 19 signals at a time. 
-binary readout with Limit Check status. 
samples to the datadisplay. 


playback mode. 
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PCM SYNCHRONIZER 
AND DECOM IN A PC-AT 


EE 750: Frame and Format Synchronizer, Wordselector. 
Up to 1024 Words and 256 Frames per Format, 2 MBits/s. 


Filtered Preamplifier with gain and offset correction. PLL Bitsync to 


EE 752: Analog Outputs, 32 channels real time. 
Individual scaling of each output. 12 Bit resolution. 


Easy to use menues for programming. Setups are stored as DOS-files. 
Each signal have alphanumeric names, scaled numeric and bargraph/ 
DMA storage of all or selectable signals to DOS-file. Playback of file of 
Graphic presentation of any four signals versus time in both real time and 
EIDEL of America, Inc. 


8100 Whitepine Rd. 
Richmond, VA 23137 


—==———. : 

— Phone: 271-7707, 282-8516 

Es EIDEL - Eidsvoll Electronics AS 

ee ———_f P.O. Box 38, N-2081 Eidsvoll, Norway. 
——_ 


Telephone: +47 6 96 42 30. Telex: 72091 


pre-empted from the bus. 

None of the current versions of 
interface ICs for the MCA offers a 
complete set of bus-master func- 
tions in one circuit; a bus master 
must issue all the address, data, 
and control signals in the bus cycle. 
PLX Technology’s 1200 and 1210 
chips can issue the command (CMD) 
line for the MCA bus cycle, but they 
require a number of external 
latches and logic circuitry to handle 
address, data, and control lines for 
the 80386 pipelined architecture. 
Generally, you must perform the 
additional logic in a PLD. 

In contrast, Intel’s BMIC con- 
tains several elements that allow it 
to perform single and burst trans- 
fers for a bus master. This device 
includes the arbitration logic to gain 
ownership of the bus; two address 
counters to handle the EISA ad- 


of rugged Fast tr 


2201 Laurelwood Road, Santa Clara, CA 95054 


More efficient Power 
MOSFE IS improve your 
motor skills. 


Siliconix’ new family 


dresses during data transfer; two 
FIFO buffers to insulate the local 
bus from the EISA bus; data 
shifters to align the FIFO buffers 
on arbitrary byte boundaries; com- 
mand and status registers for pass- 
ing EISA commands; and an EISA 
slave interface for communication 
with the system CPU. 

In response to customer re- 
quests, Intel also built a number of 
“bells and whistles” into the BMIC. 
Peek and Poke registers allow a lo- 
cal wP to communicate with I/O and 
memory devices over the EISA 
bus. The BMIC also has a set of 
identification registers; a pair of 
semaphore ports; two 8-bit doorbell 
registers for interrupts; and a set 
of four 32-bit mailbox registers. 

The EISA specification also de- 
fines automatic configuration on 
power-up, using registers similar to 


MOSFETs improves the 
efficiency, reduces the size and lowers the cost of motor control systems. 
And their low Rpsyon), solid dv/dt rating and fully characterized diodes 
make it easier to achieve high system reliability. 
Improve your motor skills! Ask for your Fast t,, Motor Control Design 
Kit. Call our toll-free hot line now! 1-800-554-5565, Ext. 946. | 
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—@ Two to Six Supplies 
@ Expandable, 300 to 1800 Watts 
@ Internallsolation Diodes (Option) 


POWERTEC 


The Power in Power Supplies 


20550 Nordhoff Street Chatsworth, CA 91311 
(818) 882-0004 « FAX (818) 998-4225 
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the MCA programmable-option- 
select (POS) registers. The EISA 
consortium and Micro Computer 
Systems (MCS) have developed an 
EISA-configuration utility program 
that permits software to read a 
board’s identification and configure 
its setup registers. The system 
BIOS reads the utility and config- 
ures the system during power-up. 

The utility also displays the DIP- 
switch configuration on a monitor 
in the system to avoid configuration 
conflicts with older ISA boards. 
MCS will license the utility to hard- 
ware and board manufacturers. 
Vendors can provide the utility on 
system setup disks. 

IBM’s configuration utility comes 
with a PS/2 computer. The PS/2 en- 
joys a 2-year head start over EISA 
computers in many areas of cus- 
tomer acceptance. Also, MCA cur- 
rently has a large and growing 
hardware and software base. 

Many uncertainties in EISA’s de- 
velopment remain. For example, in- 
terface-chip vendors are reluctant 
to develop EISA chips because of 
the numerous specification changes 
that have occurred since EISA’s in- 
ception. The first EISA computers 
will use the Intel chip set, so other 
IC vendors are concerned that any 


- "Micro Computer Systems I Ine 
6005 Royal Ln, pulte 104 
_ Irving, TX 1063 


specification ambiguities could 
cause their chips to malfunction. In 
addition, IC vendors are concerned 
about how the consortium will han- 
dle licensing agreements and the 
distribution of the EISA specifica- 
tion. Currently, this so-called “open 
architecture” is only available to de- 
velopers under a nondisclosure 
agreement. An independent law 
firm—Bishop, Cook, Purcell, & 
Reynolds (BCPR Services)—han- 
dles the distribution and charges 
each developer a $2500 fee. This fee 
could discourage many developers 
and hamper EISA in its bout with 
MCA. 
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We call our service EPS: 
Electronic Packaged Systems. 


We define it as all resources needed to 
bring your product to market faster and 
more cost-effectively. The applications 
are limitless. 


Start by giving us your new product 
idea. As a total resource, Oak works 
with you on: 


rom concept to 
oroduct... 


Concept renderings 
CAD drawings 
Program management 
Combining switch and 
electronic technologies 
Material evaluation 
Package design 
Production 
Sub-vendor selection 
Testing 

Total Quality Control 
Systems integration 


OAK , 


ma 
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electronic 
_ Oak is‘an extension of your. 
_ design and manufacturing teams. 


Working as an extension of your com- 
pany, we help you find innovative ways 
to meet your goals. This is the true sense 
of “partnering” in a day-to-day working 
relationship. Call or write today for our 
EPS brochure: Oak Switch Systems Inc., 
P.O. Box 517, Crystal Lake, IL 60014, 
Phone 815/459-5000. 
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Actel Field Programmable 


_ Gate Arrays. 


Let's face it. When it comes 
to programmable ASICs, greed 
is just good engineering. [he best 
engineers are always hungry 
for more. More logic. And more 
different kinds of logic. All on 
one chip. 

More is exactly what you 
get with Actel’s ACI! field pro- 
erammiable gate arrays. 

They're a whole new tech- 
nology designed specifically for 
logic integration. Not just another 


brand of EPLD, PAL, or LCA” 


chip. They combine a true chan- 
neled gate array architecture with 
Actel’s revolutionary PLICE" 
antifuse programming element— 
resulting in 85% gate utilization. 
Guaranteed. But you not only get 


more with Actel, 
you also get less. 
is Less work, thanks 
to 100% automatic 
place and route. 


Actel’s complete logic solution includes the Action Logic” 
System (ALS) software, a programming module, and 
1200- or 2000-gate ACT 1 programmable gate arrays. 
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Less design entry, with over 150 
standard logic functions in the 
ACT 1 Macro Library. Less 
design time, with 100% observ- 
ability of internal logic signals. 
A\nd less time to market, with 
finished parts in hours, not 
weeks or months. 

Not to mention much less 
cost, with no NRE. As in zero. 

And the Actel design 
system is flexible. It works with 
popular workstations like SUN,” 
Apollo"and 386 PCs. And popular 
design software like Viewlogic; 
OrCAD Mentor,"and Valid” 
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And it comes in a range of sizes, 
with 1,200- and 2,000-gate parts 
today, and 6,000 gates on the way. 

So the next time you feel the 
need for greed, turn to Actel. 

Call 1-800-227-1817, ext. 60 
today for more information and 
a free demo disk. 


= 9chs/ 


Risk-Free Logic Integration 


© 1989 Actel Corporation, 955 E. Arques Ave., yee CA 94086. ACT, Action Logic, and PLICE are 
trademarks of Actel Corp. PAL, LCA, Viewlogic, OrCAD, Mentor, Valid, SUN, and Apollo are all trademarks 
or registered trademarks of their respective manufacturers. 
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THE POWER SUPPLY 


THE WESTCOR STAKPAK™, NEW 
GENERATION 250 TO 1200 WATT 
SINGLE OR MULTIPLE OUTPUT OFF- 
LINE SWITCHER. 3.2 X 5.5 X 11.4 INCH 
CASE. FAN-COOLED. 


Stack the odds in your favor by design- 
ing-in Westcor’s 6 watt/cubic inch high 
power megahertz switcher. Capitalizing on 
patented and proven megahertz module 
technology and innovative thermal man- 
agement techniques, the StakPak provides 
up to 1200 watts of power at 50°C with 1 to 
8 isolated and fully regulated outputs. 

For existing designs the StakPak’s small 
size and low profile allow system enhance- 
ment without mechanical redesign. Simply 
replace your open frame switcher with up 
to 1200 watts of StakPak power or replace 
your “box switcher” with 2 StakPaks and 
realize up to twice the power without 
losing additional space. StakPak power 
factor correction provides 850 watts of 
output power from a standard 115 VAC 
wall outlet. In new designs, more space can 
be devoted to functionality or the system 
can be downsized. 


REDEFINED 


The StakPak’s 8 module output section 
can be factory configured in virtually an 
infinite number of voltage, current and 
power combinations. Special models 
providing between 250 to 1200 watts and 
outputs from 2 to 95 VDC are available. 

Other features include outstanding elec- 
trical performance; UL, CSA, VDE safety 
agency approval (in process); variable 
speed fan option for low ambient noise 
enviroments and 3 phase or DC input op- 
tions. Indeed, with unprecedented power 
density, versatility and new features, the 
StakPak redefines power packaging. Please 
contact Westcor for a data sheet, pricing 
and additional information. 


™ 


STANDARD 1200 WATT STAKPAK MODELS 
(110/220 VAC input) 


Model Output Voltage (VDC) and Maximum Current 
(amperes) per Channel 
#1 #2 #3 #4 #5 
Single Output 
SP1-1801 2 @ 240 
SP1-1802 5 @ 240 
SP1-1803 12 @ 100 es output power may not exceed 
SP1-1804 15. @ 80 1200 watts for any model, single 
SP1-1805 24@ 50 or multiple output. Lower power 
. StakPak models are available. 
SP1-1806 28 @ 42 Please contact the factory. 
SP1-1807. 48 @25 
Dual Output 
SP2-1801 2@120 5@120 
SP2-1802 5@120 5@120 
SP2-1803 5@120 12@066 
SP2-1804 12@66 12@66 
SP2-1805 15@53 15@53 
Triple Output 
SP3-1801 5@180 12@16 12@16 
SP3-1802 5@150 12@33 12@16 
SP3-1803 5@180 15@13 15@13 
SP3-1804 5@150 15@26 15@13 
Quad Output 
SP4-1801 5@150 12@16 12@16 5 @ 30 
SP4-1802 5@150 15@13 15@13 5 @ 30 
SP4-1803 5@150 12@16 12@16 24@8 
SP4-1804 5@150 15@13 15@13 24@8 
Five Output 
SP5-1801 5@120 12@16 12@16 5@30 24@8 
SP5-1802 5@120 15@13 15@13 5@30 24@8 


WESTCOR CORPORATION ¢ 485-100 Alberto Way ¢ Los Gatos, CA 95032 © (408) 395-7050 ¢ FAX (408) 395-1518 
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Selecting an effi- 
cient field-pro- 
grammable gate ar- 
ray or high-gate- 
count PLD often 
means matching 
the correct device 
architecture to 
your application. 
Therefore, you 
must know the 
strengths and 
weaknesses of each 
device. 


Doug Conner, 
Regional Editor 


PROGRAMMABLE LOGIC 


PLD architectures 
require scrutiny 


en you look at high- 
gate-count programma- 
ble devices,. whether 
PLDs or field-program- 
mable gate arrays, you'll 
see a a variety of different architectures. 
Trying to find the proper architecture 
for your application can be confusing. 

One way to cut through some of the 
confusion is to look at these devices from 
the perspective of how many flip-flops 
you can use. Or, if the device has too 
many flip-flops, how many you will 
waste. The number of flip-flops is easy 
to determine both in your design as well 
as in the programmable device itself. 
Furthermore, you usually can’t get the 
job done if you have too few flip-flops. 
Of course, the number of flip-flops you 
need depends on which type of flip-flop 
the device has. 


You'll see by looking at Table 1 that 
considerable differences exist in the 
number of flip-flops available. The table 
lists the highest gate-count devices that 
are currently available (or will be in the 
near future) from the listed vendors. 
Many vendors also have a number of 
devices with fewer equivalent gates, 
and with correspondingly fewer flip- 
flops. You must consider many factors 
when examining the number of flip-flops 
on these devices. You need to know how 
they fit into the overall architecture of 
the devices before determining their 
usefulness for your application. 


Dedicated flip-flops 

With its 9000 equivalent gates, the 
Xilinx XC38090 currently dwarfs all 
other devices. Not surprisingly, it has 
the highest number of possible flip- 


Field-programmable gate arrays like the Xilinx XC3090 give you thousands of gates. But, to get high 
gate utilization, you still need to know how well the internal architecture fits your application. 
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Unlock your drives 


full potential... 


With Silicon Systems Pulse Detectors 


Now you can achieve greatly improved with low pulse pairing, fast write-to-read 
performance from your disk drive designs —— recovery times, and innovative pulse 
with the most complete family of Pulse qualification control. New advanced 
Detector ICs. Choose from a wide range system requirements are also supported 
of off-the-shelf pulse detection products by features for zone bit recording, pulse 
or specify a custom. Either way, Silicon equalization and embedded servo. Prod- 
Systems provides you with many perfor- ucts are offered in a variety of surface 
mance options, advanced features, and mount package styles for reduced foot- 
packaging styles to meet even your most print and systems costs. 
demanding needs. With a high level of integration, 
Performance parameters such as these unique Silicon Systems Pulse 
window margin, system recovery time, Detectors could be the very key you 
and data security are greatly enhanced need to unlock the full potential of your 


92 


silicon + aed 


disk drive’s performance. 


CALL NOW! 
(714) 731-7110, Ext. 3575 


For more information on this Pulse Detec- 
tor Family and other advanced disk drive 
IC families, contact Silicon Systems, your 
local representative or distributor today. 
Silicon Systems, Inc., 

1435] Myford Road, Tustin, CA 92680. 
Ph: (714) 731-7110, FAX: (714) 669-8814. 
European Hdq. U.K. Ph: (44) 7983-233]. 
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Programmable logic 


flops. Note also that this device has 
the highest number of dedicated 
flip-flops—that is, gates configured 
only as flip-flops. If your design 
calls for few flip-flops, you could 
easily be wasting 2000 or 3000 
equivalent gates. However, if your 
designs are register intensive, 
you'll have plenty of equivalent 


LOGIC 
VARIABLES 


RESET TOO 
"0" (INHIBIT) 
(GLOBAL RESET) 


gates available. 

The logic-cell-array architecture 
of the XC3090 comprises a perime- 
ter of 144 programmable I/O blocks 
(each block contains 2 flip-flops), 
320 configurable logic blocks, plus 
an interconnect structure. Fig 1 
shows a configurable logic block’s 
basic structure. The combinatorial 


function block uses a 32 x 1-bit look- 
up table to perform any 5-variable 
Boolean logic function, any two 4- 
variable functions, and even some 
6- and 7-variable functions. The 
balance of a configurable logic 
block includes two flip-flops and 
a program-memory-controlled mul- 
tiplexer section, which routes sig- 


Fig 1—Three hundred twenty of these con- 
figurable logic blocks, plus 144 programma- 
ble I/O blocks, make up the Xilinx XC3090 
LCA. A programmable interconnect struc- 
ture ties the blocks together. The 64,160 data 
bits loaded into on-chip static RAM define 
the configuration. 


TABLE 1—REPRESENTATIVE HIGH-GATE-COUNT PROGRAMMABLE LOGIC DEVICES 


NUMBER | 
OF LOGIC 
BLOCKS 


PROGRAM-| ON 
MING 
METHOD 


DEVICE 
TYPE 


_ MANUFAC- | 


TURER DEVICE 


ee EMP5128 | CMOS : 


ELEC 


PA7040 | CMOS : : 
TRICALLY 
ERASABLE 


INTEL oe ose EPLD 


SIGNETICS ie Less FUSE pepe el 


XC3090 CMOS STATIC | 


XILINX 
RAM 


NOTE: *=CERAMIC PACKAGE WITH WINDOW 
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MACRO- 
CELLS 


ACTEL ACT1020 | CMOS | ANTIPOSE $79.19 | TEXAS 
(1008) _[ INSTR. 


| SINGLE-| 
MAXI | LEVEL |” 
MUM | PROPA-| | 
FLIP- | GATION | | 
DEDI- MAXIMUM | FLOP | DELAY | 
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mae 


FLIP- 
FLOPS 


FLIP- 


FLOPS aot See 


22+8 250 st 00 
(1000) 


lore (|. 
CATED | POSSIBLE | TOGGLE |INPUT TO| STANDBY | ATING. 
[OUTPUT | POWER | POWER | ONY 
(MHz) — 


INPUT ‘ourrur | 
a v0 
[PINS | 


| ALTERNATE 


PRICE | SOURCE — 


"| CYPRESS — 


24 “$2780 (100) GOULD J AMI 
AVAILABLE 
FIRST 
QUARTER 
vee 


144 | $311.00. 
NOW 10) | 
$102.00 
SECOND 
QUARTER | 
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nals within the configurable logic 
block. 

If you contrast the logic-cell- 
array architecture with Actel’s 
ACT1020, you’ll note a considerable 
difference. Fig 2 shows the logic- 


DATA INPUT 


SELECT INPUT 
DATA INPUT 


DATA INPUT 


SELECT INPUT 
DATA INPUT 


SELECT INPUT 
SELECT INPUT 


module building block for the 
ACT1020. The 8-input, 1l-output 
logic module can implement a vari- 
ety of functions, including all 2- 
variable Boolean functions, and 
some 3-and 4-variable Boolean func- 


Fig 2—The 8-input, 1-output logic module is the basic building block for Actel’s ACT1 
family of parts. A variety of logic functions, including latches and a 4:1 multiplexer 
capability, can be constructed from each of the 546 modules available on an ACT1020. An 
extensive library of macros relieves you of ever having to design with the logic module itself. 
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NOTE: ONE SYSTEM CLOCK PER 


tions. The module can also imple- 
ment a 4:1 multiplexer. You can 
construct latches from one module; 
flip-flops require two. 

Because you build every function 
from these logic modules (546 of 
them on the ACT1020), you never 
waste a large number of logic blocks 
on functions you may not need, such 
as too many flip-flops. Such flexibil- 
ity lets Actel claim 85 to 95% of the 
useable gates on almost any design. 

One aspect you need to keep in 
mind when thinking about the 
ACT1020’s architecture is the 
trade-off of logic modules between 
flip-flops and other logic functions. 
If you design a circuit using all 273 
flip-flops available on the ACT1020, 
you'll have no logic modules left for 
combinatorial functions. 

The device architectures of both 
the Xilinx logic-cell array and the 


TO VO 
CONTROL 


LOGIC-ARRAY BLOCK. 


EXPANDER ARRAY 


Fig 3—Each of the eight logic-array blocks in Altera’s EPM5128 contains 16 macrocells plus a 32-product-term expander array, which 
lets you use more than three product terms for those macrocells where you require them. 
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Your Fastest Start In PLD Design - *149” 


W.-r you replace TTL with 
Programmable Logic Devices 
(PLD), you get greater design 
flexibility and faster design time 
than with any other digital tech- 
nology. Now Logical Devices, 
Inc. offers a PLD Starter Kit that 
will give you all of the horse- 
power that the CUPL PLD com- 
piler offers at a fraction of the 
cost. 


THE MOST POWERFUL PLD 
DESIGN LANGUAGE - 
JUST $149! 


(Schematic Capture Option 
Available for*199.) 


CUPL, the most powerful high-level 
PLD design language, includes five 
logic reduction algorithms, your choice 
of descriptive formats and a time-sav- 
ing shorthand notation. The CPL Starter 
Kit includes a SIM PLD simulator that 
allows you to view simulation results 
in truth table or waveform format. 


RAV, AAT, 


ALL THE POWER TOOLS 
YOU'LL NEED - 
JUST*149%! 


CUPL includes many power tools 
such as Turbo DeMorgan and Turbo 
Minimizer. PTOC allows you to convert 
PALASM files to CUPL. MACRQOs will 
let you build a full library of TTL chips 
and circuits. Indexed equations will let 
you define repetitive expressions in one 
Statement. 


ALL THIS AND MORE - 
JUST*149” 


e CUPL PLD Compiler with nine 
Samsung PLD libraries. 

e Samsung PLD samples/Data Book 

e Full user manual. 

e "My First PAL Design" application 
guide booklet. 

e Voucher for 100% trade-in allow- 
ance towards the full version of CUPL 

@ Options include PLD/EPROM pro 
grammers from $595 up and a 
Schematic Capture Package 


GET Yours TODAY - 


Tus Is A LIMITED 
TIME OFFER. 


To: Logical Devices, Inc. 
1201 NW 65th Place 
Fort Lauderdale, FL 33309 


L] Please give me the fastest 
start in PLD design. Send me the 
Logical Devices UPL Starter Kit. 
I’ve enclosed my check or money 
order for 149% (199 for sche- 
matic capture option.) 


Name EDN092889 

Company. 

Address : 

City 

State — ee ees 
OR CALL NOW 


1-800-331-7766 


L In FL (305) 491-7404 


LOGICAL 


DEVICES, INC. 


CUPL is a trademark of Logical Devices, Inc. PALASM and PAL are registered trademarks of Monolithic Memories, Inc. 
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Actel ACT1 family are quite differ- 
ent from the programmable-AND, 
fixed-OR architectures common in 
PLDs. Altera’s multiple-array-ma- 
trix family uses a variation of the 
basic PLD architecture. Rather 
than just trying to make a huge 
PLD, which often wastes many 
gates, it took a hierarchical ap- 
proach, grouping 16 macrocells in 
each of eight logic-array blocks on 
its EPM5128. 

Altera has done something more 
significant than just grouping eight 
PLDs with an interconnect struc- 
ture on a chip. The three product 
terms feeding the OR gate in Fig 
3 will handle the majority of designs 
and never waste more than two 
product terms per macrocell. Three 
product terms, however, won’t han- 
dle all designs. If Altera’s designers 
had added more product-term in- 
puts to each macrocell, the gates 


would simply be wasted in the ma- 
jority of designs. 

Instead, Altera added what it 
calls an “expander array” of uncom- 
mitted NAND gates that you can 
use in cases where you need more 
product terms. The uncommitted 
NAND gates are also available as 
“glue logic” or any other logic func- 
tion you need, including additional 
registers. 

Signetics took another approach 
to getting lots of logic on a program- 
mable device. It uses what it calls 
programmable macrologic in its 
PLHS502 Fig 4. The device has 
much in common with the expander 
array in Altera’s multiple-array- 
matrix architecture. The chip’s 
large NAND-gate array feeds back 
on itself, and 16 of the NAND gates 
drive flip-flops. After your signals 
have run around the NAND gates’ 
feedback loop enough times to per- 


form the desired logic functions, a 
group of AND gates collects the 
outputs. 

The PLHS502 will not waste 
product terms because each logic 
gate is used individually. The large 
number of inputs to each NAND 
gate results in high gate utilization 
in designs where each product term 
requires many inputs, such as in an 
address-decode application. 

With only 16 dedicated registers 
and the ability to construct about 
16 more with the uncommitted 
NAND gates, the chip does not suit 
register-intensive applications. Al- 
though gate-utilization percentages 
will be somewhat application de- 
pendent, the device can perform 
any Boolean-logic function and do 
so with low propagation delays—8 
nsec for each loop through the 
NAND array. The full matrix of in- 
terconnects prevents you from run- 


es 


OUTPUTS 
| i x8 


| x4 


Fig 4—A large NAND-gate structure that feeds back on itself is the conceptually simple, yet flexible, structure of the PLHS502 from 


Signetics. 
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VME BOARD 
COMPATIBILITY 
GOT YOU ABIT 
UP-TIGHT? 
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You'll breathe a lot easier with the “VIC” chip 
designed in. Because it brings real plug-and- “play 
compatibility to the VME world. : 

The VIC068 is a complete VMEbus AS 
interface controller on a single device, ga 
destined to become an important dé 
new standard for VME developers. a 

The chip was developed through the 
joint efforts of VTC and a consortium of 
VME board vendors, under the auspices of 
the VMEbus International Trade Associat 
(VITA). It addresses the long-standing need for a 
compact, fully featured, yet low-cost standard 
interface device—one that isn’t the result of a 
single vendor's design philosophy. 

What it means to VME board designers is en- 
hanced functionality in less real estate. By reduc- 
ing the number of components, it frees up signif- 
icant board space for other features. 

What it means to both VME vendors and sys- 
tems integrators is guaranteed compatibility of 
boards from different suppliers. 


VTC Incorporated 
Performance, Pure & Simple: 
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The VIC068 chip drives the bus directly, using 

the mil-standard, qualified, patented output driv- 

» ers from VTC’s advanced CMOS logic 
(ACL) product family. 

It’s manufactured with VTC’s 

proprietary one-micron CMOS 

¥ standard cell process, providing 

“gate speeds to 400ps and a clock 


: The VICO68 is available in a low- 
cost, 144-pin, plastic pin grid array (PGA) 
package. A military version of the chip will 
also be available soon. Plus more ICs from VTC 
for a ‘‘total VME solution.” 

So, take the horror out of VME board compat- 
ibility once and for all. Call for complete infor- 
mation on the VICO68 VMEbus Interface 
Controller today. 

VTC Incorporated, 2401 East 86th Street, 
Bloomington, MN 55425 USA. Fax 612/851- 
5199. Telex 857113. (In Minnesota, call 612/ 
851-5200.) 


CALL 1-800-VIC-CMOS 
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ning out of routing resources, a 
guarantee that other device manu- 
facturers can’t make. 


No waiting for product terms 


Intel, with its 5AC324, took yet 
another approach to getting high 
utilization of product terms. Fig 5 
shows the macrocell building block 
for this device. Although the device 
nominally has eight product terms 
summed for each of the 24 macro- 
cells (not including clock and control 
product terms), the product terms 
are switchable in banks of four so 
that a macrocell can use anywhere 
from 0 to 16 product terms by rob- 
bing banks of four product terms 
from its neighboring macrocells. 
When you need 16 terms you get 
them with no added delay. This 
feature contrasts with Altera’s 
multiple-array-matrix architecture, 


LOGIC ARRAY 


UPPER HALF 
P-TERMS 5- 8 


which adds a delay in going through 
the expander array for sums requir- 
ing more than three product terms. 
Delay times for these devices are 
listed in the table. 

To get high gate utilization when 
designing with the 5AC324, your 
design should use product terms 
that require wide inputs. Also, you 
need to average close to eight prod- 
uct terms per macrocell over the en- 
tire device or you'll be wasting 
product terms. You’re limited to 
one flip-flop per macrocell, plus 10 
registered input cells. 

One way to get the optimal num- 
ber of products for each sum in a 
sum-of-products architecture is to 
have both a programmable-AND 
array and a programmable-OR ar- 
ray. The PA7040 PEEL (program- 
mable electrically erasable logic) ar- 
ray from International CMOS Tech- 


TO NEXT 
MACROCELL 


FROM NEXT 
MACROCELL 


OUTPUT 
ENABLE 


PRESET 


TO PREVIOUS 
MACROCELL 


FROM PREVIOUS 
MACROCELL 


nology has this programmable- 
logic-array architecture. 

You select the product terms 
from the programmable-AND array 
as needed for the four sum terms 
available at each logic-control cell. 
These cells, which aren’t elements 
of a traditional programmable-logic 
architecture, each contain a register 
and multiplexers, and they control 
the signal flow within the cell. The 
PA7040 has a total of 120 product 
terms available for the 24 logic- 
control cells—an average of five 
product terms per logic-control cell. 

This count is probably a generous 
number with this architecture be- 
cause you need to generate a spe- 
cific product term only once, and 
then you can use it as an input to 
several logic-control cells. Further- 
more, you need never waste prod- 
uct terms until you reach the I/O 


OUTPUT 
MULTIPLEXER 


Fig 5—The ability to switch product terms in banks of four between macrocells means you can use as many as 16 product terms for one 
macrocell and still incur only a single-level propagation delay. Twenty four of these macrocells go into a 5AC324 from Intel. 
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How to make 


your 386 system 
scream. 
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Introducing the PEAK"Architecture. 

The architecture of the 1990s. And the first 
technology to let you exploit the full potential of 
ISA microcomputers. 

The PEAK/386 CHIPSet supports 20, 25, 33 
and tomorrow’s anticipated 40 MHz clock speeds. 
With the added performance of the industry’s 
only integrated 128K byte cache. 

What were delivering here is raw, unadulterated 
computing power. With the highest level of inte- 
gration ever achieved in a 386 chip set. 

CPU, cache and DRAM control are integrated 
onto one VLSI chip. Bus and peripheral control 
functions are integrated on two other VLSI devices. 

These three chips integrate virtually all of the 


90 91 92 


motherboard system logic. Making it the most 
cost-effective solution on the market. 

The PEAK/386 CHIPSet also tightly couples 
with our new 82C480 Graphics Controller which 
is 100% functionally compatible with the IBM* 
8514/A Display Adapter. So your system can take 
full advantage of the new graphical interfaces like 
Presentation Manager and Windows" software. 

Find out more about the PEAK/386 CHIPSet. 
Call 1-800-323-4477, Dept. M-9 today. 

We promise you it'll be a real scream. 


The CHIPSet is the system. 


© 1989. Chips and Technologies, Inc., 3050 Zanker Road, San Jose. CA 95134. IBM is a registered trademark of International Business Machines Corporation. Windows is a trademark of Microsoft Corporation 
HIPS is a registered trademark and PEAK is a trademark of Chips and Technologies. Inc. 
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limit of the device. The PA7040 has 
a flip-flop in each of its 24 logic- 
control cells plus 36 registers avail- 
able in input and I/O cells. 

Many applications for program- 
mable logic must be fast. Unfor- 
tunately, specific operating-speed 
numbers are difficult to determine 
with most devices due to their flexi- 
bility. Flip-flop toggle rates, for ex- 
ample, are difficult to work with be- 
cause even if you derate them about 
60% for a typical application, that 
value might have to be revised 
down drastically if signals are fed 
back and have to propagate through 
multiple logic levels. 

Even single-level propagation de- 
lays lose meaning because a single 
level (one logic module) on Actel’s 
ACT1020 is hardly comparable in 
function to a single level in an 
XC3090 or a 5AC324. Interconnect 
delays on the XC3090 can vary 
widely, depending on the routing. 
For these reasons, you should use 
the speed-related values in the ta- 
ble only as rough indicators. 

Operating power is another speci- 
fication that you can determine only 


with difficulty for programmable 
devices. The power consumption of 
most devices will depend on the de- 
sign programmed into the device 
and the rate at which logic elements 
switch states, both internally and 
at the outputs. Some manufacturers 
specify parts with only some type 
of counter circuit programmed into 
the part. Other manufacturers give 
detailed methods of how to compute 
power consumption in your applica- 
tion. 

The operating power consump- 
tion listed in the table assumes no 
loads on the outputs. Loading, both 
resistive and capacitive, can have 
a significant impact on operating 
power consumption. 

Up to this point we’ve been look- 
ing at products you can get your 
hands on right now (or by the first 
quarter of 1990 for the PA7040). To 
see how programmable-device den- 
sities will be going up, it’s worth- 
while to look at a few of the prod- 
ucts that will be available within a 
year. 

Xilinx will introduce its 4000 Se- 
ries logic-cell array with as many 


as 20,000 equivalent gates, and as 
many as 24k bits of on-chip RAM, 
which will be a separate RAM array 
available for general-purpose data 
storage. Actel will soon add a 6000- 
gate product to its line. 

Plessey will introduce its ERA 
60100 electrically reconfigurable ar- 
ray. This RAM-based design con- 
tains 10,000 cells. Each cell can be 
a 2-input NAND gate or a D latch. 
The company credits the array as 
having 40,000 equivalent gates (it 
considers each cell to equal four 
gates for the D latch). The device 
with development systems is sched- 
uled to be out in the first quarter 
of 1990. EDN 
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For more information on the programmable logic devices discussed in this article, circle the appropriate numbers on 
the Information Retrieval Service card or use EDN’s Express Request service. When you contact any of the following 
manufacturers directly, please let them know you saw their products in EDN. 


Actel Co 

955 E Arques Ave 
Sunnyvale, CA 94086 
(408) 739-1010 

FAX 408-739-1540 
Circle No 705 


Advanced Micro Devices 
901 Thompson Pl 

Box 3453 

Sunnyvale, CA 94088 
(408) 732-2400 

Circle No 706 


International CMOS Technology Inc 
2125 Lundy Ave 

San Jose, CA 95131 

(408) 434-0678 

Circle No 710 


Altera Co 

3525 Monroe St ; 
Santa Clara, CA 95051 
(408) 984-2800 

FAX 408-248-6924 
Circle No 707 


100 


Cypress Semiconductor 
3901 N First St 

San Jose, CA 95134 
(408) 943-2600 

FAX 408-943-2741 
Circle No 708 


Gould AMI Semiconductors 
2300 Buckskin Rd 

Pocatello, ID 83201 

(208) 233-4690 

Circle No 709 


Intel Co 

3065 Bowers Ave 
Santa Clara, CA 95051 
(408) 765-8080 

Circle No 711 


Plessey Semiconductors 


1500 Green Hills Rd 
Scotts Valley, CA 950 
(408) 438-2900 

FAX 408-438-5576 
Circle No 712 


Signetics Co 

Box 3409 

811 E Arques Ave 
Sunnyvale, CA 94088 
(408) 991-2000 

Circle No 713 


Texas Instruments 
Box 8090 

Dallas, TX 75380 
(800) 232-3200, ext 700 
Circle No 714 


Xilinx Inc 

2100 Logic Dr 

San Jose, CA 95124 
(408) 559-7778 

FAX 408-559-7114 
Circle No 715 


EDN September 28, 1989 


Now make 
your486 system 


MIPS 


1986 87 


There is only one way to design a system 
with more speed and power than a PEAK/386 
based system. 

Introducing the PEAK/486 CHIPSet. The first 
and only chip set that takes full advantage of 
the new 486 microprocessor. Which means you 
can design a system that literally wails through 
DOS and unleashes the full power of UNIX* 
Right now. Setting the performance standard for 
PC workstations. 

- The PEAK/486 and PEAK/386 CHIPSets are 
based on the same architecture. 

And like all our CHIPSets, they come with 
the most comprehensive technical support in 
the industry. 


88 
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Our Design Services Organization will help 
you with everything from technical consultation 
to the design of a turnkey microcomputer system. 

And our Integrated Software organization 
will ensure system compatibility by providing 
BIOS and system software drivers specifically 
for your PEAK"system. 

To find out more, call 1-800-323-4477, Dept. 
M-10 today. 

And design a system that will take you through 
the top of the charts. Period. 


The CHIPSet is the system. 


© 1989, Chips and Technologies, Inc., 3050 Zanker Road, San Jose, CA 95134. UNIX is a registered trademark of AT&T. CHIPS is a registered trademark and PEAK is a trademark of Chips and Technologies, Inc. 
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A New VME Enclosure with 


Benefits That Really Stack Up: 


40 Slot Capacity. Big systems in less space. In its 
maximum configuration, MaxChassis has two 20-slot VME 
card cages and two power supplies—two complete 20-slot 
VME systems in a single package only 14” high, 26” deep. 
One takes cards from the front, the other from the rear. 

Match your needs exactly. There are 12, 20, and 32-slot 
systems, too. Tabletop or rack mount. The 12 and 20 slot 


models are only 20” deep for VME 
or Multibus Il, but you can get triple 
height (QU) cages and card depths 
to 400mm. There are three power 
supply choices from 400 to 800 
Watts. 

Ready to play. All MaxChassis 
come fully wired, complete with 
high-performance VME or Multibus 


We'll FAX you 
the facts. 


EDINFORMATION  (@JScuuors 


REQ DELIVER TIME DIATELY 


ENCLOSURE 
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INGSCERTIFICATIONS. —— 
LISTINGS: ie-aears 
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Want the latest data in a hurry? 
Nothing is faster than Electronic 
Solutions’ new ‘‘FAX the FACTS”’ pro- 
gram. If you have a FAX machine, just 
call our ‘‘800’’ number, give us your 
FAX number and type of FAX 
machine, and the information you 
need from us. We'll FAX it to you 
immediately. 


backplanes. Just add your cards. 

Disk drive modularity. The 12 and 32-slot models have 
Slide-in peripheral mounting assemblies that hold up to four 
half-height drives. No brackets to design, no harnessing 
to make. 

RFI tight. There's a front cover panel that holds RFI in (and 
out) so your system will be looked on approvingly by the FCC. 


The cover panel covers all those 
cables and connectors on the card 
fronts, So everyone else will look on 
your system approvingly, too. 

So before you stack this maga- 
zine, phone for our MaxChassis 
facts right now. And ask for our 
complete catalog of VME, Multibus 
and Multibus Il system packaging. 


@m\ Electronic 
y {Solutions 


UNIT OF ZERO CORPORATION 


6790 Flanders Drive, San Diego, CA 92121 - (619) 452-9333 Telex II(TWX): 910-335-1169 


Call Toll Free: (800)854-7086 In Calif: (800)772-7086 
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RISC pP features 66-MIPS performance 
and includes interrupt and DMA controllers 


Targeting embedded-processor ap- 
plications, the i960CA RISC (re- 
duced instruction set computing) 
wP regularly executes two instruc- 
tions per clock cycle. The pP, of- 
fered at speeds as fast as 33 MHz, 
achieves a native-instruction peak- 
performance level of 66-MIPS. The 
processor offers code compatibility 
with the 80960KA wP introduced 
last year. The 1960CA .wP, however, 
includes DMA, bus, and interrupt 
controllers that allow you to use the 
processor in embedded designs with 
a minimum of support chips. Fur- 


MACRO ROM 


PARALLEL-INSTRUCTION DECODE BUSES 


REG asa eee 


i: Th TF 


" ; 


thermore, you can choose from a 
number of key memory and periph- 
eral ICs designed specifically for 
the new pP. 

Key architectural features of the 
i960CA that allow the processor to 
execute multiple instructions per 
clock cycle include parallel instruc- 
tion decoding; a 1k-byte, 2-way set- 
associative instruction cache; multi- 
ple parallel-execution units; a mul- 
tiport register file with scoreboar- 
ding; multiple internal buses; and 
an on-chip interface to peripheral 
ICs via the DMA, bus, and inter- 
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MULTIPORTED 
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rupt controllers (see Fig 1). 

The instruction sequencer fetches 
instructions from the cache, the 
Macro ROM, and the instruction 
queue that holds prefetched in- 
structions. A pipe sequencer can ex- 
amine four instructions per clock cy- 
cle. The sequencer directs the in- 
struction stream into individual 
control, register, and memory par- 
allel pipelines. Memory and register 
instructions execute and return a 
result in a single clock cycle. 

The Multiply/Divide, Integer 
Execution, and Address Generation 


INSTRUCTION-PREFETCH BUS 
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Fig 1—A pipeline instruction sequencer, a large register file with a scoreboard, multiple execution units, and a local register cache allow 
the 1960CA to regularly execute two instructions per clock cycle. 
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Units make up the core of the pP 
architecture. The register score- 
boarding feature manages the in- 
structions that are issued to the 
execution units. The register file in- 
cludes 16 local registers, 16 global 
registers, and 32 literals for imme- 
diate data operations. Each register 
is 32 bits long plus 1 scoreboard bit. 
The file includes four independent 
read ports, two independent write 
ports, and a control port. The archi- 
tecture also includes a local register 
cache that stores a minimum of six 
register sets on chip at all times. 
The cache speeds context switch- 
ing. 

The DMA, bus, and interrupt 
controllers reduce the chip count-in 
designs and supply the pP with the 
high-speed data stream needed for 
efficient operation. The bus control- 
ler can read data at a 182M-byte/sec 
rate and write data at a 106M-byte/ 
sec rate. The controller queues both 
loads and stores and includes a 
memory-region configuration table 
that can size the bus to 8, 16, or 
32 bits and set wait-state parame- 
ters by region. The controller also 
supports address pipelining for 
burst-mode operation. 

The 4-channel DMA controller 
supports data transfers as fast as 
59M bytes/sec and can transfer data 
at 32M bytes/sec with no effect on 
user-program execution. DMA in- 
structions perform a complete chan- 
nel setup in 12 clock cycles. The 
DMA controller also supports data 
chaining for linked-list and scatter/ 
gather operations. 

The multimode interrupt control- 
ler has an expanded mode that can 
support 248 external interrupt 
sources. The dedicated mode sup- 
ports eight interrupts directly 
sourced by interrupt pins. A mixed 
mode allocates three external pins 
for dedicated interrupts and five 


104 


DMA, bus, and interrupt controllers integrated on the i960CA »P make the 33-MHz, 


66-MIPS RISC processor ideal for embedded applications that require a small chip count. 


pins to set a vector for expanded- 
mode operations. The controller ac- 
cepts four DMA-sourced interrupts 


and a nonmaskable interrupt. 


Several peripheral ICs designed 
specifically for use with the i960CA 
support the chip features. For ex- 
ample, the 27960 burst-mode 
EPROM integrates directly with no 
glue logic to the 1960CA and its bus 
controller. The 128k-byte (1M-bit) 
CMOS EPROM can support syn- 
chronous 4-byte burst transfers at 
speeds of 33 MHz. The EPROM 
ranges in price from $21 to $37 
(10,000) for speeds ranging from 16 
to 33 MHz. 

The company also offers burst- 
mode function-specific PLDs for use 
with the pP. The 85C960 PLD pro- 
vides address-decoding, wait-state, 
and ready-generation functions for 
the processor. The IC can generate 
( to 15 wait states across eight ad- 
dress ranges. A 25-MHz version of 
the PLD costs $29.95 (10,000). The 
company also plans to offer a higher 


speed PLD and a LAN coprocessor 
for the pP. 

A number of development tools 
for use with the i960CA are also 
available. The tools include the 
iC960 optimizing C compiler and 
ASM960 macro assembler that sell 
for $700 and $900, respectively, for 
MS-DOS-based PCs. In addition, 
the company offers the $750 
SIM960CA_ performance simulator 
for MS-DOS applications, and an 
evaluation board should be avail- 
able at the end of this quarter. 

The 1960CA wP is housed in a 168- 
pin ceramic pin-grid-array package 
in 16-, 25-, and 33-MHz versions 
that sell for $273, $303, and $379 
(1000), respectively. Production 
quantities of the 1960CA will be 
available in the fourth quarter. 
—Maury Wright 

Intel Corp, Literature Dept 
LG42, Box 58065, Santa Clara, CA 
95051. Phone in US and Canada, 
(SOO) 548-4725. 
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Big 8-bit performance. Tiny 18-pin package. Miniscule price. 


Introducing the smallest Z8 microcontroller yet, 
the high-performance Micro8™ (Z86C08). Just imagine 
what you'll be able to do with all this capability, 
packed into a DRAM-sized chip. For what amounts to 
pocket change. 


Right product. Right price. Right away. ‘ 


Mighty strong performance 

First of all, the Micro8 features the high-end Z8 
architecture. Then there’s 128 bytes of RAM, two 
counter/timers, two single-supply analog comparators, 
and low power consumption. Not to mention all the 
advantages of Superintegration™ and CMOS technology. 


Mighty powerful protection 

The Micro8 may be tiny, but it’s as bullet-proof 
as they come. You get brown-out protect and a watch- 
dog timer, for instance. You get an operating range 
of 3-5.5V. And you get CMOS I/O levels and hysteresis 
for noise protection. 
Mighty impressive bit bang for your buck 

The Micro8 gives everything you want in an 
8-bit microcontroller. In the smallest package you've 


ever seen. For about a buck and a half. Plus you’re 
working with the familiar software and proven 


performance of the Z8 Family. And it’s all backed by 


Zilog’s solid reputation for quality and reliability. 

You really ought to see for yourself just what the 
mighty Micro8 can mean to your design application. 
Why wait? Contact your local Zilog sales office or your 
authorized distributor today. Zilog, Inc., 210 Hacienda 
Avenue, Campbell, CA 95008, (408) 370-8000. 


Zila; 


ZILOG SALES OFFICES: CA (408) 370-8120, (714) 838-7800, (818) 707-2160, CO (303) 494-2905, FL (813) 585-2533, GA (404)923-8500, IL (312) 517-8080, MA (617) 273-4222, MN (612) 831-7611, 
NJ (201) 288-3737, OH (216) 447-1480, PA (215) 653-0230, TX (214) 987-9987, CANADA Toronto (416) 673-0634, ENGLAND Maidenhead (44) (628) 39200, W. GERMANY Munich (49) (89) 612-6046, 
JAPAN Tokyo (81) (3) 587-0528, HONG KONG Kowloon (852) (3) 723-8979. TAIWAN (886) (2) 741-3125, SINGAPORE 65-235 7155, DISTRIBUTORS: U.S. Anthem Electric, Bell Indus., Hall-Mark Elec., 
JAN Devices, Inc., Lionex Corp., Schweber Elec., Western Microtech. CANADA Future Elec., SEMAD, LATIN AMERICA Argentina—Yel.-(1) 46-2211, Brazil—Digibyte (011) 241-3611, Mexico—Semiconductores 


Profesionales (5) 536-1312. 
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READERS’ CHOICE 


Of all the new products covered in EDN’s June 8, 1989, issue, the ones reprinted here generated the most 
reader requests for additional information. If you missed them the first time, find out what makes them special: 
Just circle the appropriate numbers on the Information Retrieval Service card, use EDN’s Express Request 
service, or refer to the indicated pages in our June 8, 1989, issue. 


< SIGNAL ANALYZERS 


The DSA 601 and 602 digitizing sig- 
nal analyzers combine real-time 
DSP capability with a 1-GHz-band- 
width, 2G-sample/sec digital stor- 
age oscilloscope (pg 115). 
Tektronix Inc. 

pee Circle No 740 
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SCOPE SOFTWARE 


Release 3.0 of the Snapshot Storage 
Scope software package requires no 
programming and allows acquisi- 
tion, storage, and display of analog 
data. It supports more than 100 
boards from six vendors (pg 258). 


< CONTROLLER HEM Data Corp. 


The RT1000 SCSI host Eom ee 
adapter on a half-card for 
IBM PCs comes with a 
BIOS ROM that lets you 
connect or boot the sys- 
tem to a SCSI hard-disk 
drive (pg 220). 

Rancho Technology Inc. 
Circle No 742 


A PANEL DISPLAYS 


Electroluminescent displays fea- 
ture 16 levels of gray scale and are 
available in high-temperature ver- 
sions (pg 236). 

Sharp Electronics Corp. 

Circle No 743 


i 
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SWITCHMODE ICs 


The Si9115 and Si9116 CMOS ICs can operate from 
a rectified, filtered ac power line; handle input volt- 
The Mathematica interactive computational system for ages to 3800V; and provide power conversion to 250W. 
scientists and engineers runs on 80386-based comput- The devices include start-up circuitry, an oscillator, 


ers with numeric coprocessors (pg 252). an error amplifier, and a voltage reference (pg 228). 
Wolfram Research Inc. Siliconix Inc. 
Circle No 744 Circle No 745 
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The program 


in a switch. 


Introducing Vivisun Series 2000, the programmable 
display pushbutton system that interfaces the 
Operator with the host computer. The user friendly 
LED dot-matrix displays can display any graphics 
or alpha-numerics and are available in green, red 
or amber. They can efficiently guide the operator 
through any complex sequence, such as a checklist, 
with no errors and no wasted time. 

They also simplify operator training as well as 
control panel design. Four Vivisun Series 2000 


switches can replace 5O or more dedicated switches 
and the wiring that goes with them. In short, 
Vivisun Scrics 2000 gives you more control Over 
everything including your costs. 

Contact us today. 


AEROSPACE OPTICS INC. 


3201 Sandy Lane, Fort Worth, Texas 76112 
(817) 451-1141 + Telex 75-8461 « Fax (817) 654-3405 


SERIES 


Programmable display switches. Making the complex simple. 


CIRCLE NO 74 


EDN 
SPECIAL REPORT 


8- and 16-bit 
MICRO- 
ONTROLLE 


Microcontroller prices are plunging. At the same 
time, manufacturers are increasing the variety 
of peripherals integrated on chip. The severe 

competition in the microcontroller market means 

that system designers can obtain a greater assort- 
ment of sophisticated, application-specific de- 
vices at cutthroat prices. 


J D Mosley, Regional Editor 


Ss microcontroller manu- 
facturers battle it out 
for market share, the 
assortment of 8- and 16- 
bit devices continues to 
grow, and prices continue to fall. 
The microcontroller market is ex- 
tremely price-sensitive—a price dif- 
ference as small as 10 cents can 
cause developers to select one mi- 
crocontroller instead of another. As 
a result, these highly sophisticated 
and increasingly complex devices 
are often sold in high volumes as 
inexpensive commodities. For ex- 
ample, consider the price difference 
between microcontrollers and wPs. 
Although pPs represent only 6% of 
the total unit volume of microcon- 
trollers and wPs sold, each of the 
latest wPs can cost hundreds of dol- 
lars. In contrast, microcontroller 
prices have dipped to less than 50 
cents in volume quantities. 

The modular method of producing 
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microcontroller families is partly re- 
sponsible for the greater variety 
and lower prices of today’s micro- 
controllers. In this modular ap- 
proach, each manufacturer begins 
with a CPU core and adds modular 
on-chip peripherals, such as RAM, 
ROM, timers, and registers. The 
resulting microcontroller, though 
developed using ASIC processes, is 
sold as a standard product. How- 
ever, the manufacturer can rapidly 
customize a standard microcontrol- 
ler to your upgraded specifications 
as your product matures and your 
volume needs increase. Therefore, 
it’s important to investigate your 
microcontroller manufacturer’s 
plans for future development and 
make sure that they complement 


Today’s microcontrollers are produced in a 
modular fashion, so you can mix and match on- 
chip peripherals to meet your upgraded specifica- 
tions. (Photo courtesy National Semiconductor) 
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As microcontroller manufacturers battle it out 
for market share, the assortment of devices con- 
tinues to increase, and prices continue to fall. 


the path you’ve chosen for your product. These consid- 
erations, along with the plethora of microcontroller 
options, complicate the task of selecting the best micro- 
controller for your design. 

Eight-bit devices dominate the microcontroller mar- 
ket. Today’s microcontrollers offer improved price/ 
performance ratios that make it cost effective for you 
to upgrade your 4-bit microcontroller designs with 8-bit 
embedded microcontrollers. Motorola claims more than 
18% of the lucrative 8-bit market, offering a selection 
of at least 30 standard, 8-bit microcontrollers derived 
from a common process. Motorola’s offerings fall into 
two basic categories: microcontrollers built around a 
68HC05 CPU core and microcontrollers built around 
the higher-performance 68HC11 CPU. The 68HC05 
core takes about 4.5 usec to execute an instruction, 
and the 68HC11 CPU executes in half that time. You 
can buy an MC68HC04J1 with 32 bytes of RAM, 504 
bytes of ROM, an 8-bit timer, and 12 bidirectional I/O 
lines for as little as 49 cents (1,000,000). On the other 
hand, you can buy a 68HC11E9 with 512 bytes of RAM, 
512 bytes of EEPROM, 12k bytes of ROM or EPROM, 
a 16-bit timer, and 40 I/O lines for $10.11 (100,000). 

Both cores execute software based on the ever-so- 
familiar 6800 instruction set. If you already know how 
to program any of Motorola’s 6800 family of processors, 
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Exhibiting the high level of integration needed to compete in the 8-bit 
microcontroller market, Fujitsu's MB89713 device surrounds its CPU core 
with RAM, ROM, and modular peripherals. 
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you know how to program the microcontrollers. Such 
prior programming knowledge helps to reduce develop- 
ment time, and it’s part of the secret behind Motorola’s 
market share. Motorola’s adherence to the basic 6800 
instruction set also ensures upward software compati- 
bility with future microcontrollers, thus preserving the 
programming investment you establish in your current 
designs. 

If you’re fond of variety—and of cats—the marketers 
at Motorola have assembled a tablecloth-size chart of 
their 8-bit microcontroller assortment, each code- 
named with a feline pseudonym. These chips mix and 
match various helpings of RAM; ROM; EPROM; 
EEPROM; one-time-programmable memory; A/D con- 
verters; free-running counters; watchdog timers; 
phase-locked loops; LCD drivers; vacuum fluorescent 
display drivers; and serial interfaces. Fabricated in Mo- 
torola’s high-density CMOS process, these low-power 
devices also let you stop the clock during static periods 
and can shift from low- to high-speed operation to fur- 
ther limit power consumption. 


If speed is what you need... 


If you aren’t attracted to the security offered by 
familiar instruction sets, but instead seek higher per- 
formance from your microcontrollers, the Japanese sili- 
con giants provide an inviting selection of microcontrol- 
lers based on proprietary cores. However, these com- 
panies still follow the same modular philosophy that 
has permeated the industry. Each begins with a core 
CPU and adds modular peripherals to create a family 
of standard microcontrollers. 

NEC, for example, proudly asserts a dedication to 
throughput—citing a minimum instruction cycle of 333 
nsec for its wCOM-78K Series 8-bit CPU core. A fetch 
bus and a prefetch function further enhance through- 
put, as do a high-level interrupt microcontroller and 
its Macro Service functions. The interrupt microcon- 
troller and its Macro Service functions reduce CPU 
overhead by providing data transfer in bytes or words 
between the chip’s memory and peripherals via a spe- 
cially dedicated channel. In addition, Macro Service 
can perform autodifferencing functions without CPU 
intervention. Also, to help reduce the noise that can 
arise from all this fast-paced activity, NEC designed 
this CMOS family with a parallel architecture. 

You can order standard microcontrollers in this fam- 
ily with as much as 16k bytes of ROM and 640 bytes 
of RAM on chip. A memory expansion interface lets 
each microcontroller access as much as 1M byte of 
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How to select the best microcontroller for the job 


The number of available micro- 
controllers is staggering—and 
manufacturers are constantly ex- 
panding the families they offer. 
But if you merely install the 
cheapest chip you can find into 
your circuit, you could jeopardize 
the viability of your product. Fol- 
low these guidelines to help you 
determine which microcontroller 
will best suit your application. 

e First, consider what you re- 
ally need. How much ROM? 
How much RAM? Which 
peripherals? 

@ The chip’s architecture can 
aid your design, so compare 
CPU cores for performance 
and programming benefits. 
If you choose a popular 
CPU, more third-party 
tools and second sources 
will be available if your 
manufacturer stops making 
that device. In addition, re- 
member that low CPU 
overhead is critical in maxi- 
mizing performance. Fur- 
ther, a broad selection of 
peripherals wedded to a 
common core provides an 
upgrade path that will let 
you re-use existing code 
and development tools. 

@ Look for EPROM and 
EEPROM versions to ease 
prototyping and initial pre- 
production runs. Make sure 
that the EEPROM versions 
are the same size as a 
masked part. 

@ Does the chip allow exter- 
nal memory expansion? 

@ Consider the manufac- 
turer’s fabrication process. 
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Are all the modular periph- 
erals CMOS? Are some 
NMOS? Also, does the 
process offer power-saving 
features? 

Does the company offer a 
variety of packaging op- 
tions? Packaging selection 
provides you with flexibil- 
ity in manufacturing and as- 
sembly. 

Use evaluation boards and 
emulators to see how the 
microcontrollers function; 
don’t rely solely on the 
specifications. Statistical 
data can hide architectural 
deficiencies such as an inef- 
ficient use of memory. 
Make sure that the proto- 
type device you use 
matches the microcontroller 
with respect to form, fit, 
and function. 

How extensive are the mi- 
crocontroller’s software- 
development tools, and will 
they suit your needs? Is a 
cross assembler available to 
run on your IBM PC or en- 
gineering workstation? 
How difficult will it be to 
debug your code? Does the 
instruction set allow com- 
pact, efficient, and easy 
coding? 

Consider the ruggedness of 
the microcontroller. Does 
the chip contain any ESD- 
protection circuits? Does it 
have a watchdog timer or 
software traps? Look for a 
wide voltage operating 
range. 


@ Has the company provided 


the means to meet your 
quality and testability re- 
quirements? 

Does the microcontroller 
family offer a suitable up- 
grade path? Will this chip 
support derivations of your 
product? What are the 
manufacturer’s plans for fu- 
ture generations of the 
family? 

Consider future designs: 
pin-compatible upgrades 
are critical. When your up- 
grade requires more com- 
plex functions, will you be 
able to add code and use the 
same pinout, or will you 
have to completely rewrite 
your program and redesign 
your circuit? 

Is the company big enough 
to supply your future manu- 
facturing volumes? And at 
what volume can the com- 
pany supply a custom de- 
rivative of the microcon- 
troller? 

How accessible is the tech- 
nical-support staff? Does 


the company offer a 24- 


hour, electronic bulletin 
board? | 
Will the company be a mi- 
crocontroller supplier in fu- 
ture years? Or, for that 
matter, is the company cur- 
rently stable? After all, you 
need to make sure they can 


deliver parts today as well | 


as in the future. 
Last—but by no means 
least—make sure you have 
the latest data books. 
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If you merely install the cheapest chip you can 
find in your circuit, you could jeopardize the 
viability of your product. 


more data. The instruction set includes multiplication 
and division instructions, and it allows bit manipula- 
tions and BCD adjustments. You can also order one- 
time-programmable versions for prototyping and pre- 
production runs. 

If the wCOM-78K sounds like overkill for your appli- 
cation, consider the less exotic »COM-87 family, which 
includes both CMOS and NMOS members. The »COM- 
87 CPU core runs at a maximum frequency of 15 MHz. 
It uses a set of 153 instructions that include 16-bit 
arithmetic, multiply, and divide functions, thanks to 
an on-chip, 16-bit ALU. This family includes versions 
that contain a maximum of 16k bytes of ROM and 256 
bytes of RAM on chip, and certain versions include 
external memory addressing for a maximum of 64k 
bytes of data that you may decide to locate in a piggy- 
back EPROM. Software commands let you configure 
the direction of each chip’s 44 I/O lines. A pPD78C1x 
with 256 bytes of RAM, 16k bytes of ROM, three 
timers, two zero-crossing detectors, and eight 8-bit 
A/D channels sells for $6 (1000). 


Outperform the standard 


Even faster is Hitachi’s 8-bit H8/532, which features 
a 0.2-usec instruction-execution speed. In addition, the 
chip’s CPU can run programs written in C. The devel- 
opment tool set includes an assembler, a C compiler, 
a software simulator/debugger, a hardware in-circuit 
emulator, and an evaluation board that you can use 


For crash-proof operation, this 8-bit microcontroller from Dallas Semicon- 
ductor contains a built-in lithium-battery source. Another version includes an 
on-chip clock/calendar and nonvolatile RAM that allow your circuit to log 
events and schedule activities. 
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Look for a wide variety of packaging options, such as those available in 
Mitsubishi's 16-bit CMOS family of microcontrollers. 


with an IBM PC or VAX workstation. The microcon- 
troller has 29 built-in functions, including an A/D con- 
verter with a sample-and-hold device, a digital serial- 
communications interface, 1k byte of RAM, 32k bytes 
of EPROM, eight timers, and 65 I/O pins. Fabricated 
in 1.3-~m CMOS, the one-time-programmable EPROM 
version sells for $42.30 (1000). 

Hitachi’s HD647180X 8-bit microcontroller has a 
Zilog Z80-compatible architecture that lets you execute 
instructions in 0.375 wsec—twice as fast as Intel’s 8051. 
The HD647180X directly executes existing Z80 pro- 
grams with greater throughput; thus, you can use this 
microcontroller to speed your present designs, shrink 
a multichip design to one chip, or quickly develop high- 
speed communications applications. The chip comes 
with 15 peripheral functions, including two UARTs; 
three 16-bit timer channels; 54 I/O ports; an interrupt 
microcontroller; an analog comparator; a DMA micro- 
controller; and a memory-management unit (MMU). 
An 8-MHz version in an 84-pin, plastic leaded-chip car- 
rier (PLCC) sells for $19.10 (1000), or you can buy one 
EPROM version for $99. 


A chip for all reasons 


Mitsubishi offers both variety and high performance 
in its 8-bit, CMOS microcontroller lines. Its Series 740 
family of general-purpose, 8-bit, CMOS microcontrol- 
lers includes more than 70 masked ROM and ROMless 
versions; 15 piggyback development chips, eight with 
UV EPROM; and eight one-time-programmable ICs. 
Functions integrated on these microcontrollers include 
A/D and D/A converters; pulse-width modulation; LCD 
and vacuum fluorescent display drivers; 56 I/O ports; 
synchronous and asynchronous serial I/O; power-down 
modes; 8V battery operation; and master/slave opera- 
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Manufacturers of 8. and 16-bit microcontrollers 


For more information on 8- and 16-bit microcontrollers such as those described in this article, circle the appropriate 
numbers on the Information Retrieval Service card or use EDN’s Express Request service. When you contact any 
of the following manufacturers directly, please let them know you saw their products in EDN. _ 


Advanced Micro Devices 
Box 3453 

Sunnyvale, CA 94088 
(800) 5388-8450 

(408) 732-2400 

TWX 910-339-9288 
Circle No 650 


California Micro Devices 
215 Topaz St 

Milpitas, CA 95035 

(408) 263-3214 

Circle No 651 | 


Commodore Semiconductor Group | 


950 Rittenhouse Rd 
Norristown, PA 19403 
(215) 666-7950 

Circle No 652 


Dallas Semiconductor Corp 
4350 Beltwood Pkwy 

Dallas, TX 75244 ~ 
(214) 450-0400 
Circle No 653 


Fujitsu Microelectronics Inc 
Integrated Circuits Div 

3545 N First St 

San Jose, CA 95134 

(408) 922-9000 

FAX 408-432-9044 


Circle No 654 


Harris Semiconductor 
Box 888, MS 62A-021 
Melborne, F'L 32902 
(407) 724-7302 

FAX 407-729-4960 
Circle No 655 


Hitachi America Ltd 
Semiconductor and IC Div 
2000 Sierra Point Pkwy 
Brisbane, CA 94005 

(415) 589-8300 

Circle No 656 


Inmos 

Box 16000 

Colorado Springs, CO 80935. 
(719) 630-4000 

Circle No 657 
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Intel Corp 
3065 Bowers Ave 


Box 58065 


Santa Clara, CA 95052 
(800) 548-4725 
Circle No 658 


_ MATRA-MHS 


2840-100 San Tomas Expressway 
Santa Clara, CA 95051 

(408) 986-9000 

FAX 408-748-1038 

Circle No 659 


Microchip Technologies 
2355 W Chandler Blvd 
Chandler, AZ 85224 
(602) 963-7373 

Circle No 660 


Mitsubishi Electronics America Ltd 


Semiconductor Div 
1050 E Arques Ave 
Sunnyvale, CA 94086 
(408) 730-5900 

Circle No 661 


Motorola Semiconductor Products 


Dept OE39 

6501 William Cannon Dr W 
Austin, TX 78735 

(800) 441-2447 

Circle No 662 


National Semiconductor Corp 
Box 58090 

Santa Clara, CA 95052 

(408) 721-5000 

TWX 910-339-9240 

Circle No 663 


NEC Electronics Inc 


Box 7241 


Mountain View, CA 94089 
(415) 960-6000 

TWX 910-379-6985 

Circle No 664 


VOTE... 


Oki Semiconductor Inc 
650 N Mary Ave 
Sunnyvale, CA 94086 
(408) 720-1900 

FAX 408-720-1918 
Circle No 665 


Philips Components 

Box 218, Building BAE 
5600MD 

Eindhoven, The MN thciande 
31 40 124324 

Circle No 666 


Rockwell International 
Semiconductor Products Div 
4311 Jamboree Rd 

Newport Beach, CA 92658 
(714) 833-6849 

FAX 714-833-4078 | 

Circle No 667 


SGS-Thomson Microelectronics Inc 
1000 E Bell Rd 

Phoenix, AZ 85022 

(602) 867-6340 

FAX 602-867-6102 

Circle No 668 


- Siemens Components Inc 


Semiconductor Group 
2191 Laurelwood Rd 
Santa Clara, CA 95054 
(408) 980-4500 

TLX 989791 

Circle No 669 


Signetics Corp 

Box 3409 

Sunnyvale, CA 94088 
(408) 991-2000 © 
Circle No 670 


Texas uaumente 


~ (800) 232-3200 
(214) 995-6611 


Circle No 671 


Toshiba America Inc 
9775 Toledo Way 
Irvine, CA 92718 _ 
(714) 455-2000 
Circle No 672 


Vitesse Semiconductor 
741 Calle Plano 


Camarillo, CA 93010 
(805) 388-8700 


Circle No 673 


Waferscale Integration 


47280 Kato Rd 
Fremont, CA 94538 


(415) 498-1723 


FAX 415-657-8495 
Circle No 674 


‘Zilog Inc 
210 Hacienda Ave 


Campbell, CA 95008 
(408) 370-8000 

FAX 408-370-8027 
Circle No 675 


_ Please also use the Information Retrieval Service card to rate this article (circle one): 


High Interest 509 


Medium Interest 510 


Low Interest 511 
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TABLE 1—REPRESENTATIVE 8- AND 16-BIT MICROCONTROLLERS 
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tion. Minimum instruction-execution time varies from 
1 to 2 psec. 

One of the newest members of the Series 740 family 
is the M87409M2 Intelligent Protocol microcontroller, 
which comes with 192 bytes of dual-port RAM and 
three full-duplex UARTs on chip. The microcontroller 
also has 320 bytes of RAM, 4k bytes of ROM, an 8-bit 
timer with a prescaler, and 16 I/Os. It costs $9.75 
(200). Suitable for facilitating multiprocessor communi- 
cations, the microcontroller’s serial-communication 
links let each »P perform a dedicated task in concert 
with the other processors in the system. 

The M37450 family represents the high-performance 
side of the Mitsubishi 8-bit microcontrollers. These 10- 
MHz devices have a minimum instruction-execution 
time of 0.8 sec. M37450 microcontrollers can also han- 
dle as many as 15 interrupts, allowing you to take 
advantage of a parallel-communication bus, three 16-bit 
timers, serial I/O, a UART, a stepper-motor control, 
and as much as 448 bytes of RAM and 16k bytes of 
ROM. The M87450M2, which has 4k bytes of ROM and 
128 bytes of RAM, costs $7.25 (5000). 


Crash-proof your design 


Other manufacturers’ microcontroller families are 
proliferating, but Dallas Semiconductor seems to be 
practicing strict family planning. The DS5000 Soft mi- 
crocontroller, introduced in 1987, has produced only 
two offspring: the DS5000T and the DS5001. The 
DS5000 begins with an Intel 8051 microcontroller core 
and adds nonvolatile registers and nonvolatile, static 
CMOS RAM, all powered by an embedded lithium 
source. The chip also comes with a power-fail warning 
interrupt, automatic power-down, and power-on re- 
start functions; even if your circuit suffers a total power 
loss, the DS5000 not only won’t crash, it will resume 
operation when power returns. The chip’s software- 
encryption logic, which uses a 40-bit keyword, protects 
your resident software from piracy. The DS5000 has 
32 parallel I/O lines, a watchdog timer, serial I/O, and 
two 16-bit counter/timers. The microcontroller costs 
$79.59 (100), and an evaluation kit sells for $200. 

The DS5000T lets you log events and schedule activi- 
ties by time and date, thanks to its embedded clock/ 
calendar. Prices start at $64 (1000) for a version with 
8k bytes of nonvolatile RAM. The DS5001 includes 
128k bytes of nonvolatile RAM, improved software se- 
curity based on a 64-bit keyword, and a destruct pin 
that causes the chip to develop amnesia if someone 
tampers with it. An 8042-style peripheral bus facili- 
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TABLE 1—REPRESENTATIVE 8- AND 16-BIT MICROCONTROLLERS (Continued) 
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MANUFACTURER’S 


tates intelligent peripheral control. The DS5001 costs 
$125 (100). 


' 1601 206 “2 INPUT CAP- | MT Certain embedded applications require a greater fo- 
BIT) | BIT) TURES, 2 OUT- cus on control than on speed. SGS-Thomson markets 
a : 


THIRD PARTY’S) 


PECIAL I/O DRIVERS 
=| Rimanea TOOLS 


es esp a re i oa its ST6 family of 8-bit microcontrollers by touting the 
chips’ ability to program I/O on either a bit or byte 


oink Lee 
Ett er MT basis, and to hector ee or push-pull I/O, e 
TET PT [=P | crate, yo en rn the 1610 fr ith 


MT digital or analog operation. The onboard, 8-bit A/D 
bee ee converter has 16 channels and an I°C bus speeds chip- 


MT to-chip communications. The CPU is based on a 6804 
architecture, and its small core draws as little as 2 
mA for minimal power drain. 
ae SGS-Thomson also offers an 8-bit, high-speed CMOS 
4 ST9 family, based on a CPU core derived from Intel’s 
|. Z80 wP. The instruction set lets you program down 
to the bit level and utilize 14 addressing modes. Byte- 
=p he : based instructions execute in as little as 0.5 psec. This 
a family also comes with a multichannel DMA, a pro- 
grammable interrupt microcontroller, and a real-time 
operating system. You can order versions with as much 
as 24k bytes of ROM or EPROM, 2k bytes of RAM, 
or 2k bytes of EEPROM. The MMU lets you address 
as much as 16M bytes of off-chip data. Peripherals 
include multiple 16-bit timers; a timing processor; a 
serial-communications controller; as many as eight par- 


fate allel, 8-bit I/O ports; and an A/D converter. In addition, 

| to help you combat noise problems, these devices let 

you shut down the high-current output pins when they 
aren’t in use. 
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BIT) | BIT) CROSSING 
DETECTORS 
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BIT) VICE, 2 REAL- 
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TIME OUTPUTS 
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SWITCHING, 


8 (10 YES 
BIT) 
REAL-TIME 


é we - -— |e MULTPLEXED = One-time-programmable versions shorten development cycles, but only 
if the EPROM device is pin compatible with the maskable version that you'll 
Table continued require once your production volumes increase. 
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TABLE 1—REPRESENTATIVE 8- AND 16-BIT MICROCONTROLLERS (Continued) 
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MANUFACTURER'S sy 
THIRD PARTY'S) sits 


ter 


Acknowledging that the automotive and consumer 
markets are extremely price-sensitive, Zilog has de- 
buted a family of low-cost, 8-bit microcontrollers called 
the Z86CXXCCP (Consumer Control Processor) Se- 
ries. Ranging from $1.50 to $2.50 (10,000), these chips 
have a CMOS Z8 CPU core that operates over 2.5 to 
5.5V. You can select versions that feature either 2k 
or 4k bytes of ROM; a 128-register file; brownout pro- 
tection; a watchdog timer; on-chip analog comparators; 
two 8-bit counter/timers with a 6-bit prescaler; and 
halt and stop modes for low power consumption. You 
may also select an RC, ceramic, or crystal-oscillator 
circuit. 

Texas Instruments has combined 512 bytes of 
EEPROM and 16k bytes of EPROM in its 
TMS3870C756 CMOS 8-bit microcontroller. You can 
perform prototype or preproduction coding using the 
EPROM, which leaves the EEPROM available for sys- 
tem calibration or user-entered data. The TMS370C756 
sample kit costs $100. The company offers 15 other 
configurations in the TMS370 family at prices from $5 
to $25. 

As processing speeds increase and more functions 
are packed onto a single chip, the ruggedness of your 
microcontroller becomes more critical. National Semi- 
conductor has taken steps to design safety margins 
into their double-metal M*CMOS devices. For example, 
the company’s 8-bit COP800 microcontroller family of- 
fers fully static operation, features high ESD tolerance 
exceeding 2 kV, and functions over industrial and mili- 
tary temperature ranges. The inclusion of an epilayer 
in the fabrication process increases latch-up immunity. 
For even more security, you can purchase a version 
that has both a programmable watchdog timer and a 
nonmaskable software trap. Prices for the COP800 
family start at 99 cents. 


Is it 8 bits or not? 


_ Fujitsu’s interesting approach to boosting the -per- 
formance of 8-bit CMOS microcontrollers is the use of 
a 16-bit core with an 8-bit data bus. The F*MC-8 family 
includes the usual assortment of on-chip peripherals 
and memory options at prices starting at approxi- 
mately $10 in OEM quantities. Instructions execute 
in a minimum of 0.5 psec with an 8-MHz clock. 

In contrast, Philips/Signetics has elected not to play 
favorites: Signetics bases its 8-bit microcontroller fam- 
ily on Intel’s 8051 CPU, and the 16-bit microcontrollers 
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Make sure that any prototype device you use 
matches the microcontroller with respect to 
form, fit, and function. 


feature a CPU core derived from Motorola’s 68000. 
Philips Components offers a selection that includes the 
Signetics microprocessors and adds several proprietary 
cores to the list. Signetics has announced a 28-pin, 
80C51-based microcontroller called the 87C752 that in- 
cludes an A/D converter and costs as little as $3. 

Siemens has recently introduced an 8051-compatible 
microcontroller that operates at 20 MHz. Fabricated 
in NMOS, the SAB 8032B lets you upgrade your 8031 
or 8032 applications without a design change. The chip 
comes in a 40-pin DIP and costs $4.96 (5000). It includes 
32 I/O lines; three 16-bit timer/counters; a USART; 
256 bytes of RAM; and a 6-source, 2-priority-level, 
nested interrupt structure. Another enhanced, 8051- 
compatible Siemens microcontroller, the SAB 80C157/ 
80C537, lets you perform 16/82 bit arithmetic and pro- 
vides indirect addressing of external memory through 
one data pointer. This CMOS microcontroller sells for 
$24 (1000) and comes with two watchdog timers, 56 I/O 
ports, and two full-duplex serial interfaces. 

Although 8-bit designs dominate the market, many 
developers have discovered that 16-bit CPU architec- 
tures offer higher throughput, more I/O, more timers, 
and support for high-level languages. For certain in- 
dustrial-control applications—such as motor and mo- 
tion control in hard-disk drives, high-speed communica- 
tion devices, and laser printers—16-bit microcontrol- 
lers are indispensable. 

Just as Motorola is king of the 8-bit microcontroller 
market, Intel holds the lion’s share of the 16-bit mar- 
ket. The company’s premier product is the 
80C196KA—a 12-MHz, CHMOS-III device that fea- 
tures 256 bytes of RAM, a pulse-width modulator, a 
10-bit A/D converter, a serial I/O port, and five 8-bit 
parallel ports. The device comes in a 68-pin PLCC and 
costs $18.75 (10,000). Improved throughput allows this 
microcontroller to perform a 3-operand multiply in 2.33 
wSec. 

National Semiconductor maintains its number two 
position with its HPC family of 16-bit microcontrollers. 
Fabricated in double-metal CMOS, these chips operate 
at a clock rate of 30 MHz. The core includes an ALU, 
six registers, eight interrupts, three timers, control 
logic, a watchdog circuit, and a 16-bit-wide data path. 
The HPC family can address as much as 64k bytes of 
external memory. These chips use a proprietary in- 
struction set optimized for maximum code efficiency. 
A typical instruction executes in 134 nsec, and a typical 
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16-bit multiply or divide takes less than 4 psec. You 
ean also order a version with an embedded assembler 


in C code. The microcontrollers are priced from $19.90 
to $39.50 (100). 


Take a RISC for performance 


Harris Semiconductor offers a remarkable 16-bit mi- 
crocontroller that uses a Forth-based, reduced- 
instruction-set computer (RISC) core processor. The 
RTX 2000 features sustained performance exceeding 
10 MIPS and directly executes the Forth language. 
Earlier this year, the vendor introduced the RTX 2001, 
which is pin compatible with the RTX 2000 but lacks 
the earlier device’s single-cycle multiplier. Neverthe- 


MICROCONTROLLER MARKET PROJECTIONS 
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8-BIT 16-BIT 


MICROCONTROLLER TYPE 


Although the 8-bit microcontroller market exceeds the current and pro- 
jected dollar volumes for 16-bit microcontrollers, the higher profit margins 
keep manufacturers interested in expanding their 16-bit families. (Photo cour- 
tesy Integrated Circuit Engineering Corp) 
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less, the RTX 2001 performs multiply, divide, and 
square-root operations in approximately 2 wsec. Both 
devices have two 64-word stacks on chip, a multiple- 
bus architecture, and a proprietary bus that lets you 
extend the chip’s architecture by using off-chip, hard- 
ware-acceleration logic and application-specific I/O de- 
vices. The RTX 2000 costs $190 (1000), and the RTX 
2001 costs $119 (1000). 

Waferscale Integration also offers a 16-bit, RISC- 
like microcontroller that uses parallel-processing tech- 
niques to boost performance. The PAC1000 contains 
33 registers, a 15-word stack, and a 1k~x 64-bit 
EPROM. The PAC1000 is especially suitable for con- 
trolling peripheral devices that make rapid state 
changes, such as disk interfaces and multiprocessor 
bus-arbitration units. The microcontroller provides 
high-speed state control, computational functions, and 
memory-accessing capability. You program this micro- 
controller by using 64-bit words that include program 
control, CPU operation, and output control. Prices 
start at $125 (100) for a 12-MHz version, or you can 
buy a 20-MHz chip for $215. 

Market projections for the next four years indicate 
that 8-bit chips will continue to reign in the microcon- 
troller market. However, gross profit margins for 16- 
bit devices will represent 5% of all microcontroller 
sales, giving manufacturers the incentive to keep pro- 
viding 16-bit families. As these manufacturers improve 
their processes and shrink die requirements, you can 
expect to gain even more power and performance from 
future microcontrollers. EIDIN 


Article Interest Quotient (Circle One) 
High 509 Medium 510 Low 511 © 
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Sealed industrial 
power switches with 


UP-FRONT 
MOUNTING! 


scaled pushbuttons, 
keylocks © mushrooms 


10 AMP; 380 VOLTS, AC 


Series 22 industrial power pushbuttons and keylocks are easy 
to mount from the front of the panel by one person—just 
tighten two screws! Designed for use in harsh environments, 
they feature a front sealed to IP65 specifications; a ruggedized, 
shock proof case which resists chemicals and meets IP20 
Standards. Another plus...rear connections are completely 
insulated against inadvertent contact. Screw terminals may be 
converted to .250 Q.C. terminals and snap-on insulator sleeve 
is available for Q.C. protection. Also, they fit panels 1.5 to6 mm 
thick and operate in a broad temperature range: -25° to + 85°C. 


For superbright illumination, select neon, T 1% midget grooved 
lamps or T 13% based multichip LED's in red, yellow, or green. 
Choose from three bezel shapes and eight lens colors for style. 
All Series 22 switches are UL, CSA, VDE and SEV listed. 


Keylock 


eaorl 


Mushroom pushbutton 


CIRCLE NO 9 
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WITH LOW-COST CUSTOMER 
SPECIFIED INTEGRATED 
CIRCUITS (CSICs), WHAT YOU 
NEED IS WHAT YOU GET. 


Motorolas new CSIC family of 
68HC05 microcontrollers fills the bill 
for high-volume applications like 
nothing else on the market today. 

With quick development. An 
assured migration path. Without-a- 
doubt dependability. And all the 
benefits youd expect from a state- 
of-the-industry custom design. 
Without high cost. 

Drawing a blank on how we do it? 
It works like this. 

Wee start with a ‘chassis” that con- 
sists of a central processor, RAM, 
and ROM, all tried-and-true compo- 
nents from Motorolas most popular 
8-bit microcontroller family. Then, 
according to your specific design 
requirements, we add just the right 


mix of subsystems—timer, 
EPROM, EEPROM, A/D, and ™ 
UART to name a few. Finally, we deliver 
your low-cost CSIC fast, usually in six 
months or less. 

But thats not all. If your needs can 
be filled by one of the 30+ parts already 
available from our ever-expanding 
CSIC portfolio, you can move even 
faster and save even more. 

Only the global design resources 
of Motorola, the worlds number one 
supplier of 8-bit MCUs, can deliver a 
family of products this good. This fast. 


WANT US TO FILL YOU IN 
WITH MORE DETAILS? qygy__ 
National 

Win 


Then fill out the attached 


reply card to request more ons 


information on how easily 


a CSIC from Motorolas Microcontroller 


Division can fit into your future. 
We'll respond in the only way 
Motorola knows how. Very quickly. 


(AA) MOTOROLA 


©1989 Motorola, Inc. 
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7-V National 
«4 Semiconductor 


Look whos 
talking toIBM now- 


with a single chip. 


THE DP8344 BCP 
OPENS UP THE IBM WORLD. 


Because of this one little 
device, a lot of players have found 
effective new ways of getting into 
the Big Blue game. Among them are 
Apple, Digital Equipment Corpo- 
ration, and many others emerging 
as winners in IBM protocol design 
and development. 

The DP8344 Biphase 
Communications Processor 
(BCP) is the key component in’ 
Apple's new adapter card for 
the Macintosh II—a landmark 
beginning in Apple's strategy of 
integration into the IBM mainframe 
environment. 

The BCP is also a key compo- 
nent in Digital’s new 3270 Terminal 
Option Card for the DECserver 550, 
which gives IBM 3270 displays full- 
screen VT220 access to VAX appli- 
cations. Users can simply ‘“hot-key”’ 
from their IBM system to Digital’s 
program development environment, 
industry-leading ALL-IN-1, and 
world-class UNIX. 

Besides putting new players 
in the game, the BCP gives existing 
plug-compatible players — like 
Memorex Telex— big competitive 
advantages. 


© 1989 National Semiconductor Corporation 


Apple and Macintosh are registered trademarks of Apple Computer, Inc. UNIX is 
a registered trademark of AT&T Bell Labs. ALL-IN-1, DEC, DECserver 550, ULTRIX, 
VAX and VMS are trademarks of Digital Equipment Corp. AS/400, CICS, CMS, 

IBM and TSO are registered trademarks of International Business Machines Corp. 
Memorex Telex is a registered trademark of Memorex Telex Corp. BCP is a registered 
trademark and BCP PocketLink is a trademark of National Semiconductor Corp. 
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IN A VERY SMALL SPACE. 


An intelligent transceiver 
and high-performance CPU are 
integrated on the same low-power 
CMOS chip. So a full system sup- 
porting all three IBM protocols — 
3270, 3299 and 5250 —can be 
implemented in an area the size of 
a credit card. 

Yet the DP8344 BCP’s RISC 
architecture is so powerful that it’s 
the only processor needed in the 
new Memorex Telex 1192 Enhanced 
Function Display Terminal Series. 
Memorex Telex was able to cut both 
power consumption and board 
space — while adding a lot of new 
features, like an on-screen cal- 
culator and adjustable cursor- 
movement rates. 


The BCP also enables Digital 
to maintain both its own and IBM 
sessions for four terminals with a 


ment IBM coax and twinax protocols 
with the same hardware platform 
and two-line interfaces. 


WE'LL GIVE YOU ALL 
THE SUPPORT YOU NEED. 


Our system solution includes 
a Multi-Protocol Adapter Demon- 
stration System for 3270/3299/5250 
connectivity. It supports all popu- 
lar terminal-emulation and file- 
transfer software. 

We also offer the BCP 
PocketLink, a credit-card-size ter- 
minal emulator; a demonstration/ 
development system with monitor 
debugger; and the DP8344 assem- 
bler/linker/librarian system. 


LET’S TALK. 


If you want your system to 
talk to IBM, you should first talk to 
National. Give us a call today at 
(800) 825-5805, ext. 103. 


National 
Semiconductor 
CIRCLE NO 76 
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To improve your next product 
revenue curve, look for integrated 
circuits from a supplier that is a 
leader in quality device integra- 
tion. You should also look for the 
leader in process technology and 
manufacturing capability. And 
finally, look for the engineering 
support and design assistance 
you need to minimize your 
product development time. 


When you’re through 
looking, you'll see NEC. 


At NEC, you’ll see the best 
quality devices up to 970,000 
equivalent transistors — or 
177,000 gates. You'll see CMOS, 
BiCMOS and ECL implementation 
across a broad range of products 
including custom micro, ASIC, 
and RISC. And you'll see pro- 
duction capability exceeding 


pand your produc 
_revenue curve 


Pret Si 


MIPS looked to NEC 

for worldwide manufacturing, 
marketing and support 

for their RISC family 

of microprocessors. 


$600 million worth of components 
per month in 24 worldwide loca- 
tions using the best silicon the 
world has to offer. Then, you'll 
see focused design assistance 
and local engineering support in 
22 centers in the U.S. to help you 
bring your product to market fast. 


CIRCLE NO 77 


Call today for our new ASIC 
and micro selection guides and 
see how NEC can help you 
expand your next product 
revenue curve. 


NEC Electronics Inc. 

401 Ellis Street 

Mountain View, CA 94039-7201 
1-800-632-3531/415-965-6158 


© 1989 NEC Electronics, Inc. 


lo-Bit CMOS 
Microcontrollers. 
More Functions 
and More Memory 


On-Chip. 


OW, 
From Mitsubishi. 


32K bytes EPROM or ROM. 2K 
bytes RAM. Two UARTs, with on- 
board baud rate generator. 8-bit, 
8-channel A-D converter. Eight 
multi-function 16-bit timers that 
operate in five modes (timer, event- 
counter, one-shot, pulse-period and 
pulse-width), and pulse-width modu- 
lation. 12-bit watchdog timer. Inter- 
rupt controller. 68 independently 
programmable 1/0 ports. All on-chip. 

Plus, linear access for 16 mega- 


IBM is a registered trademark of International Business 
Machines Corporation. 
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bytes external memory. Powerful 
instruction set optimized for high- 
performance operation. High effi- 
ciency hardware multiply and divide 
instructions. And, configurable for 
8 or 16-bit external operation. All 
in low power, 1.3 wm silicon-gate 
CMOS technology. All part of a 
broad 16-bit MCU product line. 
IBM?-PC based development and 
software support tools. Plus, masked 


ROM, ROM-less and OTP ROM 


versions and prototyping adapters. 

All available now from Mitsubishi. 
Driven by your applications, we put 
more on-chip and give you more 
choices, so you can reduce system 
component count, save board space, 
lower overall design costs and get 
products to market fast. For more 
information call now. (408) 730-5900 
Ext. 2106. 1050 E. Arques Avenue, 
Sunnyvale, CA 94086. 


MITSUBISHI 
ELECTRONICS 


Applications-Driven Microcontrollers 
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“Vroom!” 


Turbocharge your memory for zero 
wait state design with Signetics 
fast Z5ns PAL’-type devices. 


Vroom! Now you can 
get the zero wait state 
performance that will 

allow memory to keep 
pace with the new 
ultra-fast micropro- 7 
cessors. And you ne 
won't have to pay 


top price for your = 7.5ns PAL-type device improves system 
memory todoit! performance. 


Fast RAM 


Vroom! Boost system speed, lower memory cost. 
Signetics offers the fastest (7.5ns) PAL-type devices 
for high-speed decoding. Now you can design with 
slower, less expensive, more available memory 
devices and still enhance system speed. And all 
Signetics PLDs are easily supported by ABEL, 
CUPL or our powerful AMAZE design software. 


Vroom! We’ve got the guts! That’s right, 

we have those essential PLDs you need to improve total 
system performance. Programmable Macro Logic, Logic 
Arrays, Logic Sequencers and our PAL-type products that 
cut system cost while boosting system speed. 


Turbocharge your memory now! Call Signetics at (800) 
227-1817, ext. 985D, for a free High-Speed Decoder Hand- 
book. For surface mount and military product availability, 
contact your local Signetics sales office. 


PAL is a trademark of AMD/MMI. ©1988 NAPC 


Signefics 


PHILIPS 
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microcontroller 
simulation 
Part 1 


A simulator simplifies 
design verification of 
controller software 


Design-verification tests aim to prove that your product 
will perform as specified and that hardware and soft- 
ware will work smoothly together, even under worst- 
case conditions. Part 1 of this 2-part article discusses 
some key issues (including the cost of testing) and 
shows how you can use a simulator to perform tests 
that would be difficult or impossible with standard 
hardware. Part 2 will presents a debugging example 
that shows how to simulate hardware that fails when 
you tell rt to do so. 


Anders Gezelius, Archimedes Software Inc 


In a project’s design-verification phase you normally 
test the final incarnation of the software as it executes 
on the completed target hardware (Fig 1)—but all too 
often, schedule and cost limitations prevent you from 
doing as much testing as you would like. When you're 
using real hardware, some types of tests are time- 
consuming (and therefore expensive); others involve 
such split-second I/O timing that you can never guaran- 
tee that you’ll obtain the right conditions. A good simu- 
lator, however, can make such tests easy to set up and 
quick to execute, and it helps you lay to rest the nag- 
ging little voice in the back of your mind that keeps 
asking embarrassing questions such as 

@ What about those times the system hung and I 

never figured out why? 
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@ Shouldn’t I have tried the system with more than 

one of those new stepper motors? 

@ Did that last code change really solve the tricky 

timing problem I thought of? 

@ How much of the functional code have I actually 

exercised? 

Manufacturing tests attempt to find errors in the 
assembly of an individual unit on the production line 
of a known-good product. By contrast, design-verifica- 
tion tests attempt to find out whether a correctly as- 
sembled unit will operate according to the specifica- 
tions. 

Routine tests of individual hardware subassemblies 
and software modules, which typically take place 
throughout the design process, go some way toward 
verifying individual parts of your design. The term 
“design verification,” however, usually carries the con- 
notation of a suite of system-level tests that you per- 
form on the final product to make sure that all the 
parts work smoothly together. These final tests often 
involve checking system algorithms and timing under 
worst-case conditions to ensure that the system will 
never do anything that you don’t expect. In particular, 
the system should handle all error conditions grace- 
fully, giving the operator a chance to take corrective 
action. 


Application determines the amount of testing 


Most developers would agree that it is impossible 
to prove that a design is “correct,” but most would 
also agree that testing for design errors is useful, be- 
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The more a failure would cost, the more 
necessary it becomes for you to test for that 
failure. 


cause additional testing almost always results in a bet- 
ter product. The problem is deciding how much testing 
to perform. 

The cost of performing a test is relatively easy to 
estimate because equipment costs and engineering 
time are measurable. The cost of not performing a 
test is harder to estimate. If a problem is found later, 
how much will it cost to fix the units that have already 
been shipped? The direct cost depends on how large a 
change is required and how many units have been pro- 
duced and shipped. Indirect and less tangible costs 
could result from impairment of your company’s repu- 
tation if your product were to fail in the field. 

In general, the more a failure would cost, the more 
valuable it is to test for that failure. For some products, 
such as medical instruments or process-control equip- 
ment, you may also have to consider the possibile legal 
ramifications of the damage caused by failure of the 
product. Of course, you also need to consider the prob- 
ability of such a failure occurring. 

Design-verification techniques cover a wide spec- 
trum of cost and complexity. High-risk products war- 
rant the use of expensive, special-purpose test equip- 
ment and custom-designed test systems (which are 
often more complex than the products they are de- 
signed to test). On the other hand, low-risk products 
may need little testing before being shipped (Fig 2). 

If youre like the majority of developers, you operate 
somewhere between these two extremes. Although de- 
Sign errors in your product may not put lives at risk, 
field failures do generate direct repair costs for your 
company. Too many failures can give your company a 
bad reputation that results in lost sales, lower prices, 
and other consequences that cause revenue losses. For 
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this intermediate group of developers, the cost and 
time required for testing are key factors in deciding 
how much design verification to perform. Design verifi- 
cation techniques must have a high return on invest- 
ment—that is, they must cover many test cases at a 
relatively low cost per test. 


Standard instruments vs simulation 


Two approaches that yield a high return on invest- 
ment are the use of standard hardware test equipment 
and software-debugging tools, and the use of simula- 
tors. If you take the hardware approach, you'll perform 
your design-verification tests on your final product 
with the aid of in-circuit emulators, pulse generators, 
oscilloscopes, and other equipment that is readily avail- 
able in a typical development laboratory. Such tools 
let you perform a wide variety of tests, and you'll 
seldom need to purchase any extra, more specialized, 
equipment. However, you won’t be able to begin design 
verification until you have a complete prototype of the 
target hardware. 

Simulation can also provide a high return for your 
testing dollar. The cost of testing with a simulator is 
low, and a simulator often allows the execution of tests 
that would be technically difficult, or prohibitively 
time-consuming and expensive to perform on the actual 
hardware of the target system. Furthermore, a simula- 
tor that accurately models the timing of the microcon- 
troller permits you to begin software-performance 
checks before the hardware is ready; if the simulator 
can also model the peripheral devices, you’ll be able 
to get a good idea of how the whole system will per- 
form. The test results may even reveal potential prob- 
lems with the proposed hardware in good time for the 
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Fig I1—Design verification occurs at the end of the development cycle to ensure that the design is correct. 
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hardware designer to make the required modifications 
without incurring excessive costs. 


Where simulation excels 


A simulator is a powerful, yet economical, design- 
verification tool. Its ability to generate complex se- 
quences of events makes it especially useful for tests 
in which random or infrequent events must occur in a 
known sequence in order to trigger the test case of 
interest. Because a simulator can simultaneously model 
events at varying levels of abstraction, an “event” 
could be something as simple as a transition on a signal 
wire, or something much more complex, such as an 
invalid parameter field in a command block passed be- 
tween two processors. 

Simulators are also good at generating test se- 
quences that require very precise timing. This feature 
is useful for testing the operation of a system under 
worst-case conditions (when the hardware will operate 
at its fastest or slowest specified speeds). 

Generating the stimuli required by a particular test 
is only half of the design-verification problem— 
observing the target system’s response can be equally 
difficult, especially in microcontroller-based applica- 
tions, because the response may be some change in 
the internal state of the microcontroller that is not 
immediately observable from outside the microcontrol- 
ler. One of the benefits of simulating hardware is that 
the simulator can make internal hardware operations 
visible in a manner that would be impossible on the 
real hardware. 

Both parts of this article will present examples of 
design-verification procedures that illustrate some of 
the capabilities of simulation. Each of the examples is 
based on the 8051 microcontroller, and each one in- 
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Fig 2—The cost of a failure determines the need for extensive 
design verification. 
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SiaCASE ere 
> Software Simulation 
> Source-level Debugging 
> Performance Analysis 
> Stimulus Generation 


. Bl tron frchinedes, the TineSavers |é 


Running on an IBM PC or compatible, SimCASE uses multiple 
windows to provide many kinds of information during simulated 
execution of your software. 


cludes a fragment of the operational code. For conven- 
ience, this code is written in Archimedes C, but the 
testing principles would be applicable to any code, re- 
gardless of the language (which might be PL/M-51, C 
for a different compiler, or assembly language). 

The examples use the SimCASE Simulator/Debug- 
ger to perform the design-verification testing. 
SimCASE consists of an 8051 simulator with a conven- 
ient window-oriented debugger interface, which is in- 
dispensable during the early phases of software devel- 
opment. 

Many simulators can model the processor chip itself; 
only a very few allow you to simulate individual hard- 
ware components (or even complete systems) that are 
external to the chip. SimCASE is one of these. It 
works with another software package, called SimI/O, 
which lets you model standard peripheral devices and 
allows you to create simulation models of any custom 
devices attached to your system. (See box “Overview 
of SimCASE and SimI/O” for background information 
about these two packages. ) 

Such extended modeling is crucial for design verifica- 
tion of microcontroller-based products, because many 
design-verification problems involve testing the re- 
sponse of the program to events outside the processor. 
As much as 90% of the operational code may be directly 
involved with controlling or sensing external hard- 
ware. The examples use SimI/O extensively to gener- 
ate the stimuli needed by the tests and, more impor- 
tantly, to simulate failures of the external devices. It’s 

Text continued on pg 136 
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Design-vertfication techniques should cover 
many test cases at a low cost per test. 


SimCASE and SimI/0 ¢ 


The Aroninedes SimCASE Sau : 

_ lator/Debugger allows you to run 
— and debug microcontroller code 
_ writteninC, ASM, or PL/M, 
without hardware. The Archi- : 
- medes SimI/O Simulation Tool- __ 


_ box allows you to test how your 


. (SimCASE-simulated) microcon- _ 
~ troller code responds to any types 


of I/O signals; you write simula-— 


_ grams to to the ‘SimCA SE 8 simu- 
lator. — 


: “SimcASE ae 
: bugger (8051 version) integrates 


_ family of microcontrollers with a 
| C-51 & PL/M-51 Source-Level 
Debugger and ASM Debugger, 

_ which are compatible with the - 
- eet 8051 c one 


: These herediskenicnt 
tools (Fig A) run on an IBM P C > 


_ XT, PC/AT, or compatible ct com- : cS : 
_ puter. _ 


The Simulator Hagine ae 


: cates” 8051 code by modeling the - 
internal registers of the 8051 and | 
_ then calculating the actions that © 
- would be taken by a real micro- _ 
controller for each instruction en- _ 
_ tion programs in Microsoft C-86 _ 
| that model the I/O system of your 
application and link these. pro- _ registers, but also the on-chip | pe- 
‘ _ ripherals visible to the NOS a 
mer, such as I/O ports, timers, 
: - - serial port, and interrupt logic, | 

: -_-' The internal timing of the 8051 
The SimCASE ShnubionDe - a and all of its on-chip peripherals : 
are modeled 100% accurately, 
a software simulator for the 8051 _ 


_ countered. The simulator’s model 
_ includes not only all of the CPU 


_ permitting the simulation of real- 
. : time applications, = | 
The C, PL/M, and ASM Dee 
a portion of SimCASE provides 


_ the user with a convenient, win- 


_ dow-based interface to the simu- 


MICROCONTROLLER SIMULATION 


PERFORMANCE > 
_ ANALYSIS TOOL 


—-) stimutus 
- sys GENERATOR 


ASM 
SYMBOLIC DEBUG 


SimCASE-51 


Fig A—SimCASE integrates a simulator engine with a source- level — mle a8 - 


stimulus generator, and a performance-analysis tool. 
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verview 7 


at the source level—either asC 


a cintor vin can view program code _ 


or PL/M source code alone, or 


— with the generated assembly lan- 
guage interspersed with the high- _ 
level source statements, or inas- 
sembly language only (ifthe =| 
source module was written in Ze 
sembly language). Debugger 
functions let - you examine wd 
- modify the various internal aie 


ters and memory locations, ee 


symbol names from the source. 


code. You can execute code one 
_ Step at a time, or run at top 
2 Speed, halting at breakpoints that . 
you've set at points of interest. = 
_ A trace buffer provides a Coe _ 
of the instructions that have been > 
executed so that you may inspect 
_ the sequence of events that led 
to a breakpoint. 


A built-in Performance Analy- 


_ gis Tool generates graphic dis- 

plays of execution data that the 
— tool has gathered during simula-  —sw 
_ tion. Such datacanhelp youana~- ss” 
_ lyze the performance of complex 
_ systems, identifying bottlenecks — 
_and unexecuted code blocks. 


_ The debugger includes an In- _ 


tion. However, a stimulus file 
must be set up ahead of time and 


lation. 


SimI/O 
The SimI/O oe revi | 


you with a ae way to simu- 
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. ane Stimulus Generator, which al- _ 
- lows you to model off-chip hard- a. 
| ware designed into the target © | 
system. You can define input _ 
_ waveforms ina stimulus fileand 
input these waveforms to the 
simulator during program execu- 


can’t be changed during simu- ae : 


late the external hardware and 
the I/O signals that the microcon- 
troller must handle. Because 
SimI//O is completely program- 
mable, it’s more flexible and pow- 
erful than the Input Stimulus 
Generator. For instance, you can 
send buffered live data via the 
IBM PC serial port to the 
SimCASE simulation. You can 
set conditional breakpoints on I/O 
ports, or any other memory loca- 
tion, using expressions in stan- 
dard Microsoft C-86. You can also 
create easy-to-read timing-wave- 
form diagrams, rather than re- 
viewing trace buffers filled with 
zeros and ones. 


How they work together 
Fig B illustrates the overall re- 
lationships between your 8051 ap- 
plication, SimCASE, and the 
-SimI/O Programs. Through the 
SimI/O Program interface, SIOPs 
(Simulated-I/O Programs) are 
— closely coupled to the simulated 
8051 “chip,” to SimCASE, and to 
the program under test. An SIOP 
can monitor locations in the 8051 
address space, including I/O 
_ ports, SFRs (Special Function 
Registers), external memory, 
and even internal memory. It 


may also modify any of these loca- | 
— tions to provide adaptive or intel- 
ligent stimulus for the 8051 pro- — 


gram being debugged. An SIOP 
may also time events in terms of 
the simulated 8051 clock. 
It is this close coupling of an © 
-SIOP with the debug environ- 
ment, combined with the flexibil- 


ity of being able to code the SIOP 


yourself to perform almost any 
desired function, that gives — 
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smo = 
_ PROGRAM | 
_ (CODEDIN — 
-CIASM- nee) _ 


_SimcASE 


ees 
8051 + PROGRAM 


ASSEMBLY 


SimCASE DUTIES 

m@ 8051 SIMULATION 

@ SOURCE LEVEL DEBUGGING 
m PERFORMANCE ANALYSIS 

@ INPUT STIMULUS 


Simo : 
PROGRAM _ 
(CODED IN _ 
-CIASM 86) 


(ADDITIONAL SIOPs AS NEEDED...) 


Siml/O DUTIES 

@ TARGET ENVIRONMENT 
MODELING TOOL 

@ REAL-WORLD GATEWAY 

@ SOFTWARE ANALYZER 


Fig B—SimCASE and Siml/0 let you fully test 8051 eae written in ASM-51, C51 oh _ 


SimI/O its almost ae po- - 
tential as a debugging and model- / 


ing tool. 


Once an SIOP is mapped to an - 


8051 address, a 2-way interface 
is established between the SIOP 
and SimCASE. In one direction 
of the interface, SimCASE calls 
the SIOP whenever certain | 


events occur—one such condition | 


might be that an 8051 program — 
writes to an address thatis 
mapped to an SIOP. For each 


‘such event, there is a E ctet 


ing function within the SIOP; the 
function may contain user-writ- _ 


ten code to perform some action _ 
_ when the corresponding event oc- 
curs. These functions can perform — 


tasks such as initialization, reset, 
termination, read, write, time de- 


lay, service request, reverse 
write, and keeping track of “re- 


might use just. one of these tes i 8 
tions; a more complex SIOP- _ 
Ls use them all. _ 


when it eae S petra some | 
function that only SimCASE can — 


~ ean call SimCASE to read or 

| write to any 8051 address or to 
perform a time delay in simulated _ 
8051 time. The last part of the 
- SimI/O interface is a global data 
- structure that contains informa- - 
tion about the state of SimCASE 


ning. It includes dataelements 
that keep track of machine cycles, 
- clock speed, chip type, (C-51) 


or PL/M-51, tmeluding the Ei el ds Alaa to I/O hardware — — é — 


vieree’ ae aN ee SIOP 


In the other direction of the in 


perform. For example, an SIOP 


and the 8051 program it is run- 


memory model and hiptepesd 
option status. = 
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Simulation lets you perform tests that would 
be difficult or impossible to set up on the 
hardware. 


difficult (and often impossible) to persuade a real pe- 
ripheral to malfunction in the manner and at the exact 
time required in order to test the software’s error- 
handling capabilities. 

Designing products that must respond intelligently 
to hardware failures can be quite difficult. Testing such 
products can also be difficult. You don’t have to be 
designing a triply redundant flight-control system to 
be concerned about dealing with hardware failures— 
many products must react to hardware failures in a 
rational manner. For example, your product may have 
to turn on an indicator when the battery is low or blink 
out an error code when a peripheral chip doesn’t re- 
spond to a command. 

Such error handlers are a common source of design 
errors, because normal operation doesn’t exercise 
them, nor do test procedures that are aimed at verify- 
ing correct normal operation. As a result, it is not 
uncommon for a simple, recoverable error to cause a 


/*##8** Walking 1's RAM Test ##88e#/ 
for (index = 0; index < 1024; 
write -XDATA( index, Os 


for {test address = 


_test_bit_mask = 0x80; 


while (test_ bit_mask {= 0) 


_write_XDATA(test_address, 


for (index = 0; index < 1024; 


{ 


if (index == test_ address) 


if (read_XDATA(index) 


else 


if (read_XDATA(index) 

} 

I 
write _XDATA(test_address, 
test bit mask = 


0); 


LISTING 1—WALKING-1s RAM TEST 


inde x++) 


0; test_ address < 1024; 
{ /* Test each of the bits in test_ address a 


{ /* Test the bit selected by test_ bit. mask */ 
test_bit_mask); 


/* Read and verify all memory locations #/ 
inde x++) : 


{ /# Verify data at test eae ee #/ 
f= test_bit_mask) 
display_RAM_fail(test_address, 


{ /# Verify data at other addresses #/ 
t= 0) 
display_RAM_fail(test_address, 


test_bit_mask >> 1; 


system to hang. Unfortunately, error handlers can be 
especially tedious to test because they often contain a 
small, unique piece of code at each error-detection 
point to report the different types of errors and take 
the appropriate recovery action. For example, the code 
which handles a floppy-disk drive might respond differ- 
ently to the following failures: 
@ A CRC (cyclic redundancy check) error in a sec- 
tor’s ID field 
e A disk-drive motor that won’t spin up at all (no 
index pulses) 
@ A disk controller that won’t respond to any com- 
mands 
Here, the differences in handling would probably 
be in the number of retries attempted and the action 
recommended to the user. The number of retries might 
vary from 0 to 100 and be different for each error. The 
action recommended to the user might be replacing 
the disk (in the first case); replacing the disk drive (in 


/* Clear all memory to 00 #/ 


teat _address++) 


a Set test bit to. & e 


test_bit_mask, index); 


index); 


test_bit_mask, 


/* Clear test bit back to QO *#/ 
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A STEP AHEAD IN 
RACE FOR SPACE 


New 1 4M i en New Commercial SRAM 
SRAM weddie fon i EDI's modules and Monolithics modules incorporate RAMs 
allow you to design and “7 | in plastic V/SOP on Ce- 
produce your products ramic or FR4 substrates 
with JEDEC standard for maximum economy. 
megabit+ density SRAMs DIP and SIP packages offer 
up to 5 years before mono- exceptional space savings 
lithic technology will be with densities from 1 to 4 


available. megabits. 

EDI modules are avail- Military or Commercial, 
able for both Military and Commer- pliant SRAMs in Ceramic LCCs on EDI SRAM modules provide the 
cial applications. Ceramic substrates, join the most most effective answer to your space 

1 to 4 Megabit Military modules, comprehensive line of high reliabil- problems, allowing you to provide 
incorporating MIL-STD-883 com- ity CMOS SRAMs in the industry. maximum functional capability in 


the tightest possible space. 


Send for the new Static RAM 
Module Brochure, from the Indus- 
try’s Memory Module Pioneer... 


=D) 


The future...today. 


EDI's New Static RAM modules, Military and 
Commercial, combine today’s high perform- 
ance SRAM technology with innovative 
packaging to provide | to 4 Mbit 
densities and equivalence to next <i 
generation monolithics. 
(Clockwise from Top) 
Military 256Kx16, 256Kx4: 
Commercial 256Kx8, Military 
& Commercial 64Kx 16s. 


Electronic Designs Incorporated/42 South Street, Hopkinton, MA 01748/(508) 435-2341/FAX: (508) 4356302/TLX: 948004 
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A simulain bn. ee 
A simulator lets you model peripherals thay 
will malfunction when you tell them to do so. 


tls eiatintiinttennies = ge 


the second case); or replacing the main instrument (in 


@ Addressability—the Same location is accessed by 
the third case), 


different addresses 

® Disturb failure—writing data to one location modi- 
fies data in another location 

® Pattern Sensitivity—some written patterns do not 
read back properly 

® Retention failure—data can be read back correctly 
immediately after it has been written, but is cor- 


Hardware that fails on command 
The large number of cases that may require testing 


It’s difficult enough to envision al] the different ways 
that hardware ean fail. To obtain Samples of hardware 


of all locations. It repeats this procedure until it walks 
the 1 into the LSB of the test-bit mask and checks 


each location. 

In testing this code, there are two primary concerns: 
does the test actually detect RAM failures, and does 
It properly report them? The walking-1s test uses a 


to test for the following RAM failure modes: “display<RAM<faj]” function (not shown) to report a 


___ USTING 2—PROGRAM TO SIMULATE A FAILING Ran 


unsigned int my_data; 


1" this Fauction is called whenever the 8051 writes the srop's mapped address #/ 
_ int siopWrite, — | eee 
: word Data, 


7 pats Written by the 8051 program #/ 


byte Seg, /* See SiopInit #/ — 
word Addr /;ss# See siopInit #/ — 
) -— | _ 
my _data = Data;  . /*# Keep the Write data #, 
: DATA_WRITE (Data, X_DATA_SEG, 33);  /* too #/ 


Write location 33, 
return OK; | : - : 
> 


| 7* Thic function is called whenever the 805] reads the SIOP's mapped address #/ 
int siopRead( 

 . word *P Date 
: byte Seg, 
word Addr 


/* pointer to data to be read 
/ 


by the 805] #/ 
/*® see SiopInit, above | 


ok | 
 *P Data = 
return OK; 
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my_data; 


‘AD. \nswers Your Questions About 


Multiple Outdated 
glitches documentation 


Oops, 
a bad 
prototype 


DESIGN PROCESS 


Q: Why simulate? - 


A: To save time. 


The ideal development cycle is schematic to prototype to 
production. Simulation dramatically decreases the 
dreaded loop of schematic to prototype to schematic to 
prototype to schematic to... 


A: OrCAD/VST offers unsurpassed 
performance on a PC. Independent 
benchmark tests have hailed OrCAD’s 
logic simulator as superior to other simula- 
tors costing 20 times as much. 


You need a digital simulator that helps 
you find timing violations and design 

If your design goes through several iterations, is the anomalies before you spend time and 
documentation still accurate? Suddenly your time and money on prototypes. The result: fewer 
budget are being spent on laying in patches, not producing. iterations, a shorter design cycle, a more 
reliable product and getting the project 


A: To make you look good. right. 


Your schematic is supposed to be the best answer to : : 
someone else’s design problem. Think of how great you’ll Why OrCAD/VST? oe 12-state functional 


look when you present a solution with no glitches, timing 1S ODS HLG eee. On a ME A 


ee + 65,000+ events/sec. on a 20 MHz 386 

¢ Over 14,000 gate capability without © 
additional memory 

¢ Logical analyzer display format (virtual 
screen displays 50 channels) 

A: OrCAD/VST features a user interface , Fe eas a ee 


similar to OrCAD/SDT II, including ECL, CMOS, Memory devices & 
easy-to-use menu driven commands and utilities for creating custom models 
powerful keyboard macros. Your * OrCAD’s excellent support: 

valuable time is spent designing and technical staff, 24 hour BBS, 1 year free 
testing rather than trying to learn a new product updates, and a trained sales and 
system. support network, 


A: To save money. 


A: OrCAD/VST enables you to interac- 
tively verify your design as it develops. A 
netlist from OrCAD’s powerful Schematic 
Design Tools is all that’s required to get 
started. 


Verification of your design doesn’t have to be handled at 
the prototype stage (or worse yet, the production stage). 


A: OrCAD/MOD extends OrCAD/VST Call or write today for your Demo Disk 
to PLDs. A set of PLD Simulation and brochure. 
Modeling Tools, OrCAD/MOD produces 
models of PLDs for OrCAD/VST to use in 
simulation of the larger circuit in which r 
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failure to the user on the product’s console. This func- 
tion could be sophisticated enough to try to. analyze 
which component has failed. If So, it’s important to 


SUPERROUTER, | 
the industry’s best 
~ 100% Completion 
Ripup-Reroute PCB 
~- Board Router during 
September or October 
and receive a free copy 
F ™ of PADS-PCB, the most 
popular board layout CAD 
System available! 


A $975.00 
gf _ Savings! 


plays the correct message. 

To test this code, you can write a very simple SIOP 
(Simulated-I/O Program) (Listing 2) to simulate a 
RAM that would fail a disturb test. 

Because SimCASE, by default, effectively simulates 
a RAM at all external locations, the SIOP heed only 


simulate the aberrant behavior of the failing location, 


} Call for your Authorized 
CAD Software Dealer: 
- 8) 486-8929 | This data is returned When the mapped location is 
55-71 read by the 8051 with the “siopRead” function, 


, Inc. oe ee a 
119 Russell St. ae 
Littleton, MA 01460 oe - 
Use our “Software Leasing Plan” f low 


CIRCLE NO 10 


failure by requesting a time delay on every write op- 
eration to the mapped location. When the time delay 
expires, the SIOP could change the stored data. 
Because the functions performed by these SIOPs are 
So simple, you could argue that it would be easier just 
to modify the simulated RAM contents manually (using 


Price~$59 00 
100 Piece Price-$45.60 


tages to creating tests that can be easily repeated with- 
out manual intervention. EDN 
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20,000 STEPS PER SEC. 


Step Motor Contr 


New SMC20BC CMOS Step Motor Controller out 
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Three little words 
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It's happened to all of us. 

That sinking feeling 
when you realize an impor- 
tant opportunity has just 
Slipped away. 

Well, you need not fear 
the wouldas, couldas and 
shouldas anymore. If you start 
designing now with Intel's 
82311 Micro Channel*- 
compatible or 82350 EISA 
32-bit PC bus chip sets. 

Too early, you say? 

The 16-bit world is just fine, 
thank you. 

Consider this. The twelve 
largest OEMs are currently 
designing with 32-bit bus 


INTEL’S MICRO CHANNEL*-COMPATIE 


chips from Intel. Another 200 
vendors are developing 32- 
bit bus master cards. And by 
1992, industry analysts tell us, 
at least 55% of all 386/i480" 
CPU-based systems will have 
32-bit buses. 

We wouldn't want you 
to miss Out. 

Start designing now with 
our 32-bit PC bus chip sets and 
by 1990——when you're ready 
to build——they’ll cost you the 
same as 16-bit AT* chip sets. 

Because we invented 


Micro Channel and AT are trademarks of International Business Machines Corporation. 
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ND EISA 32-BIT PC BUS CHIP SETS 


the 386 and i486 micro- 
processors, our 32-bit bus 
chip sets are 100% hardware- 
and software-compatible. 
100% compatible with Micro 
Channel and EISA bus archi- 
tectures. And 100% com- 
patible with Intel’s 386/i486 
CPU architecture. So when 
you design your 32-bit system 
you ll be assured of the highest 
level of performance. 

In short, whether you 
choose Micro Channel or 
EISA, Intel offers the most 
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complete 32-bit product line 
in the industry. With our 32- 
bit bus chip sets, 82596 32-bit 
LAN family, high-speed ~PLD 
family——plus our complete 
design support——we help you 
get to market fast. 

So how can you make 
sure, a few months from now, 
that you won't be thinking of 
the one that got away? 

Simple. Just keep in 
mind these three little words: 
Intel's 32-bit chips. 

For complete 32-bit PC 
bus product information, call 
(800)548-4725, Lit. Dept. #HA12. 


intel 
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NOTES FOR POWER SUPPLY DESIGNERS 


Now power factor correction = 


is possible with just one chip. 
New IC Produces 0.99 Power factor 
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in Off-line Power Supplies. 


the “pollution’ created by the 
undesired harmonics generated 
by short pulses of line current 
into the storage capacitor. That 
ability is especially beneficial 
now that regulations are pending 
in Kurope to limit the harmonics 
that can be put on the line. 


Introducing the new Micro 
Linear ML4812 Power Factor 
Correction System, the first 
control IC dedicated to Power 
Factor Correction for Switch 
Mode Power Supplies. 


Easy to Use. 


The new ML4812 is the core 
of a unique current-mode boost 
regulator with a controller that 
forces current in the regulator to 
be sinusoidal. With the ML4812, 
you. can achieve a power factor of 
0,99 and a load regulation of 1% 
from no-load to full-load. 

To facilitate the wide-duty cycle 
range necessary to cause sinusoidal 
current, the ML4812 has internal 
programmable ramp compensation. 
An Over-Voltage Monitor Circuit 
protects downstream circuitry by 
shutting down the outputs when 
the load is suddenly interrupted. 


@ AC Line Voltage 
@ Line Current With Power 
® Uncorrected Line Current 


| Clean Power. 

Conventional power supplies 
exhibit poor power factor (0.7) 
with a 700W limit to the amount 
of power that can be delivered 
from a conventional 15A AC line. 
With the new ML4812 Power Factor 
Correction system, the supply 
can achieve a power factor rating 
of 0.99 and deliver more than 
1000W from the same 154A line. 

Since the system works from 
90V AC to 265V AC, supplies using 
the ML4812 can be designed for 
Worldwide use without using 
jumpers or switches. 

The ML4812 also helps reduce 


"POWER FACTOR 
CONTROLLER 


The MLAS12 is the Core of a Power 
Factor Correction System 


A low-quiescent current start-up 
mode is controlled by the Under- 


Voltage Lockout Circuit with 7V 
hysteresis. 


ta 
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Micro Linear 


SINE WAVE 


MLAS12 Includes All Control Functions 
For Power Factor Correction. 


Better Noise Immunity. 


At the heart of the ML4812 is 
a current input multiplier which 
dramatically reduces the IC's 
susceptibility to switching-induced 
ground noise. To further enhance 
noise rejection, the control circuit 
has a 5V dynamic range, while 
most conventional current-mode 
PWM ICs only have a lV range. 


Easily Customized. 


The new Micro Linear ML4812 
is implemented on the FB3490 
analog array, and can be easily 
modified for power supplies with 
special needs. 


For More Information. 


To learn more about the first 
integrated IC control for Power 
Factor Correction in SMPS, call 
(408) 433-5200, extension 900. 

Or write: 
Micro Linear, Dept. FPC, 
2()92 Concourse Drive, 
San Jose, CA 951381 
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The analog /digital 
boundary needn’t be 


4 never-never land 


Past installments have dealt with circuit elements and 
circuits usually thought of as purely analog. Now 
Pease turns to an area that confounds and frightens 
all too many engineers—the boundary between the ana- 
log and digital worlds. Armed with a solid theoretical 
foundation and the insights presented here, you can 
keep your journey into the analog/digital world from 
seeming like a visit with Peter Pan. 


Robert A Pease, National Semiconductor Corp 


Many classes of circuits are neither entirely analog nor 
entirely digital. Of course, as an analog engineer, I 
don’t have a lot of trouble thinking of all circuits as 
analog. Indeed, when problems develop in circuits con- 
taining both analog and digital elements, finding a solu- 
tion is more likely to require that you summon your 
analog expertise than your digital knowledge. Timers, 
D/A and A/D converters, V/F and F/V converters, and 
S/H circuits all fall right on the boundary line between 
the analog and digital worlds. Digital ICs have more 
than a few analog subtleties. And even multiplexers, 
which you may have thought of as purely analog, have 
some quirks that result from their close association 
with the digital world. 

A timer is basically a special connection of a compara- 
tor and some logic. The familiar 555 timer can do a lot 
of useful things, but it sure does get involved in a great 
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deal of trouble. I'll treat the most classical fiascoes. 

For one thing, people try to make timers with the 
crummiest, leakiest—usually electrolytic—capacitors. 
Then they complain because the timers are not accu- 
rate or their timing isn’t repeatable. Some people insist 
on building timers to run for many seconds and then 
have trouble tweaking the time to be “exactly right.” 
Sigh. These days I tell people, “Yes, you cowld make 
a 2-minute timer with an LM555 or a 10-minute timer 
with an LM822, but that would be WRONG.” Instead, 
you could make a simple 1-Hz oscillator using one- 
quarter of an LM324 or LM389 and cheap, small compo- 
nents. This oscillator can drive a CD4020 or CD4040; 
the last output of that counter, +2” or +2”, can time 
very accurately and conveniently. 

Such an arrangement is cheaper and much more ac- 
curate and compact than what you get if you blow a 
lot of money on a 47-wF polyester capacitor for a long- 
interval timer, or put up with the leakages of a tanta- 
lum capacitor, which no manufacturer wants to guaran- 
tee. In addition, in just a few seconds, you can trim 
the moderate-frequency oscillator by looking at an 
early stage of the divider; trimming a long-interval 
timer can take hours. The CMOS counters are inexpen- 
sive enough, and these days for 2- to 20-minute timer 
applications, I can usually convince customers not to 
buy the linear part. 

The LM555 data sheets tell you to avoid timing resis- 
tors with values higher than 20 MQ. Nowadays, 
though, you can get a CMOS version (LMC555 or 


145 


People try to make timers with the crummi- 
est, leakvest—usually electrolytic—capact- 
tors. Then they complain because the timers 
are not accurate. 


equivalent) or use a CMOS comparator or a CMOS op 
amp to work at 100 MQ or more. Just be careful about 
board leakage and socket leakage—as you would with 
a high-impedance op-amp circuit. Then you can use a 
smaller, higher-quality capacitor. 

Furthermore, it is a nontrivial statement that not 
all 555s work similarly; some manufacturers’ 555s have 
different internal circuits and different logic flow 
charts. So. be careful to check things out—555s from 
different manufacturers can act quite differently. 

At high speeds, the timers don’t just respond in a 
time RXC; the response time is more like 
R X (C+ Coppay) + Tpetay. Most books never mention 
this fact. So, although you can usually get a circuit to 
function, to get it to work the way you want it to, you 
still have to be careful. These designs are not always 
trivial, and Ref 1 may help you avoid some pitfalls. A 
timer is, after all, just an aggregation of parts that 
includes a comparator, so many of the techniques you 
use with comparators work with timers and vice versa. 


Digital ICs: not purely digital 

Although timers are partly digital, the more classic 
digital ICs perform purely logical functions. Neverthe- 
less, in the hands of a clever “linear” designer, some 
digital ICs can be very useful for performing analog 
functions. For example, CD4066 quad analog switches 
make excellent low-leakage switches and a 74C74 
makes an excellent phase detector for a phase-locked 
loop (Ref 2). And not only is the price right—so is the 
power drain. Even when ordinary CMOS ICs aren’t 
fast enough, you can often substitute a high-speed 
CMOS or 74ALS-or 74AS counterpart to get more 
speed. I won’t belabor the point; instead, I’ll go 
straight to the litany of Troubles and Problems that 
you—whether an analog or a digital designer—can en- 
counter with digital ICs. 

First, unless proven otherwise, you should have one 
ceramic power-supply bypass capacitor in the range 
0.02 to 0.2 wF—or even 1 wF, if the IC manufacturer 
requires it—for each digital IC plus a tantalum capaci- 
tor in the range 2 to 10 wF for every two, three, or 
four ICs. The ceramic capacitors provide good high- 
frequency bypassing; the tantalum parts damp out the 
ringing on the power-supply bus. If you can’t use a 
tantalum capacitor, you can try a 1- or 2-wF extended- 
foil Mylar unit in series with a 10 carbon resistor. If 
your linear circuit really depends on clean, crisp digital 
outputs (CMOS outputs make dandy squarewave gen- 
erators, as long as the power supply isn’t ringing and 
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bouncing) you may even want more bypassing— 
possibly hundreds of microfarads. 


Floating inputs can leave you at sea 


On TTL parts, you can leave an unused input floating 
and it will go high; on CMOS, you must tie unused 
inputs (such as the preset and clear inputs of a flip-flop) 
to the positive supply or ground, as appropriate. Other- 
wise, these inputs will float around and give you the 
screwiest intermittent problems. Also, when these in- 
puts float, for example, on unused gates, they can 
cause considerable unwanted power drain and self- 
heating. 

With CMOS, people keep telling you that you can 
use an inverter as an amplifier by tying a few megohms 
from the input to the output. At low voltages, you can 
make a mediocre amplifier this way, but when the 
supply voltage is above 6V, the power drain gets pretty 
heavy and the gain is low. I don’t recommend this 
approach for modern designs. 

Many years ago, people used to tie the outputs of 
DTL or open-collector TTL gates together to form a 
“wired OR” gate. This practice has fallen into disrepute 
as it supposedly leads to problems with troubleshoot- 
ing. I don’t know what other reason there is for not 
doing it except to avoid acting like a nerd. However, 
an open-collector output with a resistive pullup is 
slower than a conventional gate and wastes more 
power. 

When digital-circuit engineers have to drive a bus 
for a long distance, say 20 or 30 inches, they use special 
layouts, so the bus will act like a 500 stripline. They 
also add termination resistors at one or both ends of 
the bus to provide damping and to cut down on reflec- 
tions and ringing. When you have to drive long lines 
in an analog system, you should do the same. Note 
that for really fast signals, digital designers don’t even 
lay out their pe traces with square corners; they bend 
the foil around the corner in a couple of 45° turns. 
Many digital engineers are not just bit-pushers; they’ve 
been learning how to handle real signals in the real 
world. They are actually pretty expert in some analog 
techniques, and analog engineers can learn from them. 


Perfect waveforms don’t exist 

Even though many digital engineers are familiar 
with real problems, they often sketch the waveforms 
from gates and flip-flops showing nice, crisp, vertical 
rises and showing the output of a gate changing at the 
same time as the input. But smart engineers are aware 
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that when it comes down to the fine print, they must 
be prepared to admit that these waveforms have finite 
rise times and delays. These nit-picking details are 
very important when your signals are in a hurry. 

For example, if the data input of a D flip-flop rises 
just before you apply the clock pulse, the output goes 
high. If the data input rises just after you apply the 
clock pulse, the output goes low. But if the D input 
moves at just the wrong time, the output can show 
“metastability”—it can hang momentarily half way be- 
tween high and low and take several dozen 
nanoseconds to finally decide which way to go. Or, if 
the data comes just a little earlier or later, you might 
get an abnormally narrow output pulse—a “runt 
pulse”. 

When you feed a runt pulse to another flip-flop or 
counter, the counter can easily respond falsely and 
count to a new state that might be illegal. Thus, you 
should avoid runt pulses and make sure that you don’t 
clock flip-flops at random times. Fig la contains an 
example of a D flip-flop application that can exhibit 
this problem. When the comparator state changes at 
random times, it will occasionally change at precisely 
the wrong time—on the clock’s rising edge—making 
the output pulse narrower or wider than normal. In 
certain types of A/D converters, this effect can cause 
nonlinearity or distortion. A good solution is to use a 
delayed clock to transfer the data into a second flip- 
flop, as in Fig 1b. 

A glitch is an alternate name for a runt pulse. A 
classic example of a glitch occurs when a ripple counter, 
such as a 74938, feeds into a decoder, such as a 7442. 
When the counter makes a carry from 0111 to 1000, 
for a few nanoseconds the output code will be 0000, 
and the decoder can spit out a narrow pulse of perhaps 
six to eight nanoseconds in duration corresponding to 
0000. Even if you are observing with a good scope, 
such a pulse can be just narrow enough to escape detec- 
tion. If the decoder were merely feeding an LED dis- 
play, you would never see the submicrosecond light 
pulse, but if the decoded output goes to a digital 
counter, a false count can occur. In digital systems, 
engineers often use logic analyzers, storage scopes, 
and scopes with very broad bandwidths to look for 
glitches or runt pulses and the conditions that cause 
them. In analog systems, you may not have a logic 
analyzer, but these nasty narrow pulses often do exist, 
and you have to look for them. 

Another thing to know about digital ICs is that many 
CMOS ICs have the same pinouts as TTL parts. For 
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PULSE OUTPUT 
WITH DUTY 


CYCLE 
PROPORTIONAL 


COMPARATOR 


COMPARATOR 


DUTY CYCLE 
100-nSEC PROPORTIONAL 
DELAY | TO Vin 


Fig 1—Runt pulses cause problems in this simple ADC (a). The 
comparator state changes at random times. Occasionally, the state 
will change at precisely the wrong time—on the clock’s rising edge— 
making the output pulse narrower or wider than normal. You can 
solve the problem by using two flip-flops with the clocks separated 
by a delay (b). 


example, the 74198, 74LS193, and 74C193 have the 
same pinouts. On the other hand, some of the older 
CMOS parts have pinouts that differ from those of 
similarly numbered TTL devices. The 74C86’s pinout 
is the same as the 74L86’s but differs from the 7486's. 
Beware! 

Similarly, some CMOS devices have many—but not 
all—of their functions in common with those of their 
TTL counterparts. For example, the 74C74 has the 
same pinout and 98% of the same functions as the 7474. 
Both follow mostly the same truth table, except that 
when you pull both the preset and clear inputs low, 
the TTL device’s outputs (Q and Q) both go low, 
whereas the CMOS part’s outputs both go high. If 
anybody has a complete list of such differences, I’d 
love to get a copy. 

In some cases you can buy a buffered gate 
(CD4001BN), an unbuffered gate (CD4001), an un- 
buffered inverter (MM74HCU04), or a buffered in- 
verter (MM74HC04). Sometimes, you can buy one part 
number and get an unbuffered part from one vendor 
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Digital engineers have been learning to 
handle real-world signals. They’re experts 
in some analog techniques, and analog engi- 
neers can learn from them. 


and a buffered one from another. Of course, the un- 
buffered parts are faster with light capacitive loads, 
but the buffered ones are faster with heavy loads. So 
if you have a critical application, be aware that substi- 
tuting different vendors’ parts can mess up your cir- 
cuit. 

Be careful when interfacing from linear ICs into digi- 
tal ones. For example, an LM324 running on a single 
5V supply doesn’t have a lot of margin to drive CMOS 
inputs, but an op amp running on +5 or +10V would 
need some kind of attenuation or resistive protection 
to avoid abusing the logic-device inputs (Fig 2). Like- 
wise, it’s considered bad form to overdrive the inputs 
of digital ICs just because they are protected by clamp 
diodes. For example, you can make a pulse generator 
per Fig 3, but it’s considered bad practice to drive the 
inputs hard into the rail and beyond, as you will if the 
capacitance is more than 0.01 wF or the power supply 
voltage is higher than 6V. The circuits in Fig 4 do as 
good a job without overdriving the inputs. 


A time to ask probing questions 


A number of years ago, I was watching the negative 
transition of an ordinary TTL gate, and I was espe- 
cially concerned by the way it was overshooting to 
—0.4V. I set up an attenuator with 1 pF in the input 
leg (Fig 5), and was astounded to see that if I looked 
at the waveform with an ordinary (11-pF) probe, the 
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FOR CMOS, R,/Ro = +Vs5/|—-Vs| 
EXAMPLE: +Vs =5V, —Vg =—5V, R; =R> =10k 


FOR TTL, CHoose !~Ys!_+Ys 446 ma 
Ro =~ 


EXAMPLE: +Vs =5V, -Vs =—5V, Ry =4.7k, Rp =2.2k 


FOR LTTL, CHoosE !=Ys! _ +Vs 


Ro R, +0.16 mA 


EXAMPLE: +Vs =5V, —Vs =—5V, Ry =4.7k, Rp =3k 


Fig 2—Driving logic from an op amp operating from the usual large 
supply voltages requires an attenuator between the amplifier and 
the logic IC. The equations show how to calculate the attenuator 
ratios. 


overshoot occurred, but if I disconnected the probe 
from the gate output and connected it to the attenuator 
output, the overshoot went away. So, even if you use 
a fairly high-impedance probe, you should always be 
prepared for the possibility that by looking at a signal, 


CRUNCH 


CRUNCH 


PULSE OUTPUT 


Fig 3—This CMOS pulse generator (a) is not recommended because, with the values shown, it overdrives the gate inputs excessively—as 


the waveforms of 6b indicate. 
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you can seriously affect it—even if what you’re looking 
at is as mundane and supposedly robust as a TTL 
output. Consequently, you should be prepared to build 
your own special-purpose probes, so you can see what’s 
really going on. 

When I work with digital ICs, I would be easily 
confused if I did not sketch the actual waveforms of 
the ICs to show their relationships to each other. So 
I sketch these waveforms on large sheets of quadrule 
paper ('4-in. grid) to produce something I call a “chore- 
ography” because it maps out what I want all the sig- 
nals to do and exactly where I require them to dance 
or pirouette ... When the system gets big and scary, 
I sometimes tape together two or three or four sheets 
horizontally and as many sheets as I need vertically. 
Needless to say, I am not very popular when I drag 
one of these monsters up to the copying machine and 
try to figure out how to make a copy. Fig 3b is a small 
example. 

Maybe the guys who design really big digital ICs 
can get along without this technique; maybe they have 
other mnemonic tools, but this one works for me. I 
first developed this approach the time I designed a 
12-bit monolithic ADC, the industry’s first, back in 
1975. I had this big choreography, about 33-in. square, 
and the circuit worked the first time because the chore- 
ography helped me avoid crossing up any digital sig- 
nals. Right now I’m working on a system with one 
choreography in nanoseconds and tenths of 
nanoseconds linked to a second one scaled in microsec- 
onds and a third one scaled in seconds. I hope I don’t 
get lost. 

Of course, this tool is partly for design, but it’s also 
a tool for troubleshooting—and for planning, so you 
can avoid trouble in the first place. 


DACs are generally docile 


DACs are pretty simple machines, and they can usu- 
ally give excellent results with few problems. What 
kind of trouble can you get into with a DAC? If the 
- manufacturer designed it correctly and you are not 
misapplying it, a DAC usually won’t cause you much 
grief. 

One area where DACs can cause trouble, however, 
is with noise. Most DACs are not characterized or 
guaranteed to reject high-frequency noise and jumps 
on the supply voltages. In some cases, the de rejection 
can be 80 or 100 dB, but high-frequency noise on a 
supply can come through to the output unattenuated. 
So you must plan your system carefully. It might be 


EDN September 28, 1989 


0.1 pF 
— NOTE: ALL GATES ARE CMOS. 


Fig 4—The addition of attenuators to the circuit of Fig 3 (a) helps 
reduce overdrive, but the addition of diode clamps in the shunt leg 
of the attenuators (b) is even more effective. If you have two 2-input 
NAND gates available, the circuit of c is the best implementation. 


THIS PROBE CAUSES TTL GATE 
TO OVERSHOOT AT HIGH-TO-LOW 
_ TRANSITION 


Fig 5—An ordinary high-impedance probe can cause TTL outputs 
to ring. You can eliminate this effect by cascading such a 10 X probe 
with an attenuator of your own that presents a 1-pF capacitive load. 
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You should always be prepared for the posst- 
bility that by looking at a signal, you can 
seriously affect tt. 


a good idea to use a completely separate power-supply 
regulator for the DAC. At least you should add plenty 
of good power-supply bypass capacitors right at the 
power-supply pins—ceramic and tantalum capacitors. 

Sometimes when you feed signals to a DAC without 
passing them through buffers, the noise, ringing, and 
slow settling of the digital signals can get through to 
the analog side and show up on the DAC output. No- 
body has a spec for rejection of the noise on DAC bit 
lines in either the high or low state. Maybe vendors 
should specify this parameter, because some DACs are 
good and some aren’t. I even recall a case where I had 
to preload the TTL outputs of a modular DAC’s inter- 
nal storage register. Otherwise they would overshoot 
when going high and then recover with a long slow 
tail, an attenuated version of which would appear on 
the DAC output. 

On-chip buffers at a DAC’s input can help cut down 
feedthrough from the bit lines to the analog output, 
but buffers usually can’t reduce feedthrough from the 
data bus to the output. The bus can move around inces- 
santly, and capacitive coupling or even pc-board leak- 
age will sometimes cause significant crosstalk into the 
analog world. Even IC sockets can contribute to this 
noise. If you could prove that such noise wouldn’t 
bother your circuit, you could forget about it. The 
problem is that you can only make meaningful measure- 
ments of such effects on an operating prototype— 
computer modeling can’t simulate everything. 

Multiplying DACs are popular and quite versatile. 
However, a multiplying DAC’s linearity can be de- 
graded if the output amplifier’s offset voltage isn’t zero. 
I’ve heard this degradation of linearity estimated at 
0.01% per millivolt of offset. Fortunately, low-offset 
op amps are pretty cheap these days. 

Another imperfection of any multiplying DAC is its 
ac response for different codes. If you put in a 30-kHz 
sine wave as the reference, you shouldn’t really be 
surprised if the gain from the reference to the output 
changes by more than 1 LSB when you go from a code 
of 1000 0000 to a code of 0111 1111. In fact, if the 
frequency is above 5 kHz, you may find a 0.2% or 
larger error because the multiplying DAC’s ladders, 
whose attenuation is a linear function of the input code 
at de, become slightly nonlinear at high frequencies 
due to stray capacitance. The nonlinearity can be 0.2%, 
and the phase change as you vary the input code can 
exceed 2°, even with a 5-kHz reference. So don’t let 
these ac errors in multiplying DACs surprise you. 

Another problem with DACs is the output glitch 
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they can produce when going from one code to an 
adjacent one. For example, if a DAC’s input code goes 
from 1000 0000 to 0111 1111 and the delay for the rising 
bits is much different from that for the falling bits, the 
DAC output will momentarily try to go to positive or 
negative full scale before it goes to a value correspond- 
ing to the correct code. Though well known, this prob- 
lem is a specialized one. The solution requires precisely 
synchronous timing. Multiple storage registers can also 
help to save the day. If the best synchronous timing 
is not good enough, a deglitcher may be the solution. 


ADCs can be tough and tempermental 


Like DACs, many ADCs do exactly what they are 
supposed to, so what can go wrong? Most problems 
involve a characteristic that is mentioned on too few 
data sheets: noise. When an analog signal moves slowly 
from one level to another, it would be nice if the ADC 
put out only the code for the first voltage and then, 
at the appropriate threshold, began to produce only 
the code for the other voltage. In practice, there is a 
gray area where noise causes codes to come up when 
they shouldn’t. On a good ADC, the noise can often 
be as low as 0.1 LSB p-p. But when you come to a 
worst-case condition (which with successive-approxi- 
mation converters often occurs at or near a major 
carry—for example, where the output changes from 
1000 0000 to 0111 1111), the noise often gets worse, 
sometimes climbing to 0.5 LSB p-p or more. I wouldn’t 
want to buy an ADC without knowing how quiet it 
was. I’d have to measure the noise myself, as shown 
in Fig 6, because virtually nobody specifies it. That’s 
not to say all ADCs are bad, just that manufacturers 
don’t make much noise about noise. 

Ron Knapp of Maxim wrote a nice explanation of 
an ADC noise measurement technique in EDN late 
last year (Ref 3). I recommend his article on this sub- 
ject. 

Most ADC data sheets spell out that the only correct 
way to test or use an ADC is with the analog signal’s 
ground, the digital supply’s ground, and the analog 
supply’s ground tied together right at the ground pin 
of the ADC. If you don’t or can’t interconnect the 
grounds at the specified point, all bets are off. 


With ADCs, paper designs aren’t adequate 

On one 10-bit ADC I designed, when the customer 
found some problems that I couldn’t duplicate in my 
lab, I bought one plane ticket for me and one for my 
best scope. After a few hours we arrived at the scene, 
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and in less than an hour I had the problem defined: 
The customer expected our converter to meet all specs 
with as much as 0.2V de plus 0.2V ac, at frequencies 
as high as 5 MHz, between the analog ground and the 
digital ground. Amazingly, our architecture was such 
that by deleting one resistor and adding one capacitor, 
I could comply with the customer’s wishes. Most ADCs 
couldn’t have been made to work—the customer was 
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fantastically lucky that I had used a weird design that 
was amenable to this modification. My design was a 
high-speed integrating converter with an input volt- 
age-to-current converter that just happened to be capa- 
ble of rejecting wideband noise and dc offsets between 
grounds. 

The general lesson is that any ADC system is nontri- 
vial and should be engineered by actually plugging in 
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Fig 6—A reference source, a triangular-wave generator, and a scope are the major building blocks of an ADC crossplot tester (a) that can 
reveal how much noise a converter adds to the signal it is digitizing. In b, the noise performance is ideal, whereas in ec, it is merely acceptable. 


In d, the noise performance is unacceptable. 
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Most DACs are not characterized or guar- 
anteed to reject high-frequency noise and 
jumps on the supply voltages. | 


some converter circuits. “Paper designs” usually don’t 
hold water in ADC systems. 

To beat the requirement that every ADC have its 
own set of power supplies dedicated exclusively to pow- 
ering just the single converter, you may want to bring 
power to your pe boards in unregulated or crudely 
regulated form and put a small regulator right near 
each ADC. These small regulators (whether LM320, 
wA7800, LM317, or whatever) do not have a high 
power-supply rejection ratio at high frequencies. You 
can resolve that problem with decoupling, so you have 
a chance to make the scheme work. I hasten to point 
out, however, that I haven’t actually built such a sys- 
tem myself. 


Don’t let ground loops knock you for a loop 


The need for multiple power supplies, or at least 
multiple regulators, comes, of course, from the many 
paths taken by ground currents flowing to and from 
the power supplies. If you don’t keep these paths scru- 
pulously separate, the ground loops can cause bad 
crosstalk between various parts of the system—low- 
level analog, high-power analog, and digital. So be very 
careful to avoid ground loops when you can. Although 
the electrical engineering faculty at your local univer- 
sity might not agree, a general solution to the ground- 
loop problem would be an excellent subject for a PhD 
thesis. If you write such a dissertation, please don’t 
forget to mail me a copy. 

Some successive-approximation ADCs have separate 
buffers feeding their output pins, but other designs try 
to save money, parts, power, or space by using the 
internal registers to drive both the internal DAC and 
the output pins. In this case, external loads on the 
outputs can cause poor settling and noise and can thus 
degrade the performance of the converter. If you’re 
using ADCs, you should find out if the outputs are 
connected directly to the DAC. Sometimes, as previ- 
ously mentioned, preloading the bit outputs helps to 
accelerate settling of an ADC’s internal DAC. After 
all, TTL outputs must be able to drive more current 
than their de specs state—they have to meet their ac 
specs. 


VFCs and FVCs frequently find favor 


The voltage-to-frequency converter (VFC) is a popu- 
lar form of ADC, especially when you need isolation 
between the analog input and digital outputs. You can 
easily feed a VF'C’s output pulse train through an optoi- 
solator. The VFC can cover a wide range with 14 to 
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18 bits of dynamic range. The less expensive VFCs 
are slower; the faster ones can be expensive. Most 
VFCs have excellent linearity, but the linearity de- 
pends on the timing capacitor having a low dielectric 
absorption. Teflon makes the best VFC timing capaci- 
tors, but polystyrene, polypropylene, and ceramic ca- 
pacitors with a COG characteristic are close behind. 

Trimming a VFC to get a low temperature coefficient 
is not easy because the overall temperature coefficient 
depends on several components, including the refer- 
ence, as well as various timing delays. See Ref 4 for 
VFC trimming procedures or, at least, to appreciate 
how much effort is involved when you buy a well- 
trimmed unit. 

Frequency-to-voltage converters (FVCs) are often 
used as tachometers or in conjunction with a VFC and 
an optoisolater to provide voltage isolation in an analog 
system. F VCs are about as linear as VFCs and about 
as drifty, so the temperature trimming problem is the 
same as for a VFC. One exception is if you’re using 
cascaded VFC/FVC pairs in which both circuits are 
in the same location and at the same temperature. In 
that case, you can often get by with trimming only one 
of the pair. 

Another problem with FVCs is that you often want 
the response to be as fast as possible but need to keep 
the ripple low. The design of a filter to accomplish 
both objectives will, of course, be a compromise. My 
rule of thumb is that you can keep the ripple down to 
about 0.01% of the Veytiscatz, but with the simplest 
filters, you must keep the carrier at least 100 times 
the F'_3 gg. With more sophisticated filtering, such as 
two Sallen-Key filters cascaded, the —3-dB point can 
be ‘Ao of the slowest carrier. For example, with a car- 
rier frequency in the range 5 to 10 kHz, the signal can 
go from dc to 500 Hz (Ref 5). If you need still faster 
response, see Ref 2, which shows how to use a phase- 
locked loop to make a quick FVC. 


S/H circuits: electronic stroboscopes 


A VFC produces an output proportional to the aver- 
age value of its analog input during the conversion. If 
you need to digitize rapidly changing signals, for exam- 
ple, to reconstruct waveforms in the digital domain, 
you need a different type of ADC and you almost al- 
ways have to precede it with a sample-and-hold circuit. 
Designing S/H circuits is a complicated, challenging 
endeavor. Meeting exacting specs often requires an 
expensive module or hybrid circuit. A major problem 
of S/H circuits is dielectric absorption, or “soakage,” 
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On-chip buffers at a DAC’s input can help 
cut down feedthrough from the bit lines to 
the output but usually can’t reduce feed- 
through from the data bus to the output. 


in the hold capacitor (Ref 6). 

If you need to run a relatively short sample time 
with a long hold time and if the new output voltage 
can vary considerably from the previous sample, the 
soakage may be your biggest problem. For example, 
if an S/H circuit acquires a new voltage for 5 wsec and 
then holds it for 500 wsec, you can tell approximately 
what the previously held signal was because the new 
Vour can shift by 2 to 3 mV—the amount and direction 
depend only on the value of the previous signal. And 
that’s for an expensive Teflon hold capacitor—most 
other capacitors have soakages three to five times 
worse. If the timing doesn’t change, you may be able 
to add a circuit to provide some compensation for the 
soakage (Ref 7); but the problem isn’t trivial, and nei- 
ther is the solution. Cascading two S/H circuits—a fast 
one and a slow one with a big hold capacitor—won’t 
help the soakage but will tend to minimize the problem 
of leakages. 

Some people wish that a S/H circuit would go from 
sample to hold with a negligible jump, or “glitch.” Al- 
though you can build such a circuit, it’s a lot more 
difficult than building a more conventional S/H circuit. 
You usually find glitch-free S/H circuits only in 
“deglitchers,” which are more expensive than most S/H 
circuits. Several module and hybrid manufacturers pro- 
vide this kind of precision device. Even though it 
doesn’t settle out instantly, a deglitcher is fast and 
consistent in its settling. However, it still does take 
some time to settle within 5 mV. 


Aperture time still causes confusion 


There’s one area of specsmanship where the S/H 
circuit is clouded in confusion. That area is the aper- 
ture-delay specification. (Maybe someday I'll write a 
data sheet and drive away the cloud.) One technique 
for measuring and defining aperture delay is to main- 
tain Vix at a constant level and issue the hold com- 
mand. If after a short delay, Vy, jumps by a few volts, 
the smallest spacing between the hold command and 
the Vj, jump that causes no false movement of Voyr 
is one possible definition of the tapgerrurr DELAY: 

Another way of defining and measuring aperture 
delay might be to let V;y move smoothly at a well- 
defined rate. Shortly after you issue the command to 
switch the circuit to the hold mode, Voy stops chang- 
ing. The value at which Voyr stops corresponds to the 
value of Vy, at a particular point in time. You can 
define the aperture delay as the difference between 
this point and the point at which the mode-control 
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Pease irritates coworkers when he carries one of his “choreogra- 
phies” to the photocopier and tries to figure out how to duplicate 
such a large drawing. 


signal crossed the logic threshold. The uncertainty in 
the value of the aperture delay is then the aperture 
uncertainty. Depending on how the circuit was opti- 
mized, that delay can be positive or negative or practi- 
cally zero—perhaps only 1 nsec or less. Now, will the 
real definition of aperture time please stand up? 

I think that both of the characteristics I have de- 
scribed are of interest to people at different times. 
But, how can you avoid the problem of a person expect- 
ing one of these characteristics and actually getting 
the other? I invite your comments on who wants to 
buy which characteristic, and where to find a defini- 
tion. I’ve looked in military specs and at many data 
sheets, and the issue still seems pretty unclear. 

Another instance in which a S/H circuit can have 
trouble is when its output is connected to a multiplexer, 
for example, when multiple S/H circuits drive a single 
ADC to achieve simultaneous sampling of many chan- 
nels of dynamic analog data. If the multiplexer, which 
had been at a voltage of, say, 10V; suddenly connects 
to the output of a S/H circuit whose output is at —10V, 
the circuit’s output will twitch and then jump to a false 
level because the multiplexer will couple a little charge 
into the hold capacitor. The industry-standard LF398 
is fairly good at driving multiplexers, but if you get a 
big enough capacitor and it’s charged to a voltage 20V 
away from the S/H circuit’s output voltage, even the 
LF398’s output can jump. I don’t have a real solution 
for this problem, but if you are aware that it can hap- 
pen, at least you won’t tear out all your hair trying 
to guess the cause. You will recognize the problem, 
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Any ADC system 1s nontrivial and should 
be engineered by actually plugging in some 
converter circuits. “Paper designs” usually 
don’t hold water in ADC systems. 


and then tear out your hair. About all you can do is 
try to minimize the capacitance on the output of the 
multiplexer. One way to do this is by using a hierarchi- 
eal connection of submultiplexers. 


No agreement on acquisition time’s meaning 


Another area of S/H-circuit confusion is acquisition 
time. I have seen at least one data sheet that defined 
acquisition time as the time required to go from hold 
to sample and for the output to settle to a value corre- 
sponding to a new value of V;y in the sample mode. 
However, the outputs of many S/H circuits can settle 
to a new dc value faster than the hold capacitor charges 
to the correct value. To avoid confusion, I define acqui- 
sition time as the pulse width required for precise sam- 
ple-and-hold action. If the circuit samples ‘and settles 
and then goes into hold and gives you the wrong an- 
swer, the sample pulse should have been wider. 

There may be some S/H circuits whose output volt- 
age won't change if you switch them to the hold mode 
as soon as their output reaches a value that corre- 
sponds to a new Vy. But if I had an analog switch 
that couldn’t hold at all, I could still get it to “acquire” 
a signal according to the data-sheet definition just 
cited. I consider the test implied by that definition to 
be too easy. I believe some users and manufacturers 
in this field agree with my definition, but the situation 
isn’t really clear. (I would appreciate reader comments. 
You folks are getting all sorts of good ideas from me, 
and if you have some good comments, it’s only fair 
that you bounce them off me.) 


E pluribus unum: the multiplexer 


Another type of circuit that depends on analog 
switches is the analog multiplexer. As mentioned al- 
ready, a multiplexer can draw big transients if you 
suddenly connect it across big signals at low imped- 
ances. So be careful not to overdo operating a multi- 
plexer in this manner, as excessive current could flow 
and cause damage. It’s well known that multiplexers, 
like most other forms of analog switches, are imperfect 
due to leakages, on-resistance, and response time. But 
they are popular and won’t give you much trouble 
until you turn the power bus off and keep the signals 
going. I recall that in the past few years, at least one 
or two manufacturers have brought out new designs 
that could survive some fairly tough overvoltages with 
the power removed. I’m not sure what the designs 
involved other than adding thin-film resistors and diode 
clamps on the inputs—ahead of the FET switches. But 
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if you add discrete resistors ahead of a multiplexer’s 
inputs, the resistors can help the multiplexer survive 
the loss of power. 

One other problem with multiplexers is that you 
don’t have a whole lot of control over the break-before- 
make margin. And if you should want make-before- 
break action, I don’t think it’s an available option. So, 
sometimes you may have to “roll your own” multi- 
plexer. 7 

If your signal levels are less than 15V p-p, you may 
be able to use the popular CD4051 and CD4053 multi- 
plexers and the CD4066 CMOS analog switches, which 
are inexpensive and quick and usually exhibit low leak- 
age. However, if you need a guarantee of very low 
leakage, you may have to test and select the devices 
yourself. 

So, we take leave of the analog/digital world—sort 
of. Next time, we’ll visit another area of great impor- 
tance to analog/digital electronics, but it is a purely 
linear region, perhaps the most purely linear: refer- 
ences. Armed with knowledge about references, we’ll 
move on to the troubleshooting of power electronics, 
including switching regulators. EDN 
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©1989 Multibus Manufacturers Group. Multibus, iRMX, iLBX and iSBX are trademarks of Intel Corp. UNIX is a trademark of AT&T. FlexOS is a trademark of Digital Research, Inc. VRTXis a trademark of Ready Systems Corp. OS/2 is a trademark of IBM. 
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© 1989 AT&L 
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INFO 
CARDS 


THE 
Pr 
SOLUTION 


to your marketing budget blues—the EDN 
Info Card Pack. At 1/2¢ per name, the EDN 
Info Card Pack can reach over 123,000 
engineering specifiers affordably. 


NE 
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A Partnership in Power and Prestige Worldwide 
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\SHIBA SMD COUPLERS. SMALL MIRACLES 
= PERFORMANCE AND DIVERSITY. 


y 45 mm long, but beats its wings ee 
80 times a second. ““t. p 


but with insulation that 
withstands up to 2500 Vrms. 
Toshiba SMD coupler. 


CAs g 


Just like the diverse 
hummingbird genus with its 
320 sub-species, Toshiba’s 
SMD coupler family packs 
high performance into dimin- 
utive packages, and offers a 
rich variety of types. So you’re 
not just dealing with a few 
token miniatures, but a whole 


range of couplers that cover 
just about every SMD applica- 
tion. And if, on occasion, there 
isn’t one that meets your 
needs, we'll gladly work out 
the appropriate solution. 


We Chlorostilbon mellisugus, 
da 4 oe the emerald hummingbird. 
oh 


IN TOUCH WITH TOMORROW § § fg | 


Full information about Toshiba SMD 
couplers is available from: 
| Toshiba Electronics Europe GmbH, 
Hansaallee 181, D-4000 Disseldorf 11, 
West-Germany, Phone: 49-2 11-52 96-0 
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TOSHIBA Electronics Europe GmbH, Dusseldorf Headquarter, Hansaallee 181, D-4000 DUsseldorf 11, Tel.: 0211/5296-0 - TOSHIBA (UK) Ltd., Watchmoor Business Park, Blackwater Valley Road, Camberley Surrey, 
Tel.: (01)-02 76-6946 00 - TOSHIBA Electronics Italiana S.R.L., Centro Direzionale Colleoni, Pallazzo Orione Ingresso 3° |-20041 Agrate Brianza Milano, Tel.: 0-39-63 88 91 - TOSHIBA Electronics Espana S.A., Planta Ga, Torre ll, Torres de Colon, 
Piaza de Colon 2, Madrid, Tel.: (0034) 15325840 - TOSHIBA Electronics France, Immeuble Robert Schumann, 3 Rue de Rome, F-93561 Rosny Sous Bois Cedex, Tel.: (00-33) 1-489420 - TOSHIBA Electronics Scandinavia AB, 
P.O. Box 15031, S-16115 Bromma, Sweden, Tel.: (46-0) 8-7040900 - ALCOM Electronics B.V., NL-2808 LJ Capelle/Ijssel, Tel.: 00 31-10-45195 33, ITT MULTIicomponents, NL-2722 MA Zoetermeer, Tel.: 00 31-79-410141 - AXCO.GMBH, 
A-1232 Vienna 12, Tel.: 0043-222-61063 - D + D Electronics PVBA, B-2020 Antwerpen, Tel.: 00 32-3-827 79 34 - ITT MULTIcomponents, B-1080 Brussels, Tel.: 00 32-2-4 23291] - W. MOOR AG, CH-8105 Regensdorf, Tel.: 00 41-1-8 40 66 44 


$051 FAMILY 


805341 

S2JA 87538 

80CIS2R  80C5272 
BUCS? — 80C: 


EZ-PRO Supports: 1802/05/05AC/06. . .64180RO/R1/Z. . .6301V1/01X0/63701V0/63701Y 
6303R/03V1/03X/03Y/03Y0....6309/09E. . . .6502/C02/03/04/05/06/07/10/12/13/14/15 
6800/02/08. . .6801/01U4/68701/68701U4/03/03U4. . .68HC05C4/C8/D2/P1...6805 ASIC 
1468HCO5E2/E3. . .6809/B09/09E.. .68HC11A0/A1/A8/E1/E2/E9. . .68000/68008/68010 
8035/39/C39/40/48/8748/49/8749/C49/50 8051/51AH/C51/C51BH/C51FA (80C252) 
8751/51H/51BH/C51. .8052/52AH/C52/52BH/C52T2. .87C52/52BH. .8031/31AH/C31/C31BH 
8032/32AH/C32/32BH/C32T2. . .800 154/830 154/85C 154. . .8344/44AH. . .8053AH/8753H 
80515/535. . .80C152JA/C152JB/C152JC/C152JD. . .80C321...80C451.. .80C552 
80C325....80C452... .80C652.. . .8085/8085AH-2/80C85. . . .8086/80C867. . .8088/80C88 
8096/97/8396/8397/8098/80C 196. . .8X300/305. ..NSC800. ..V20/30. . .Z80A/Z80B/Z80H 
80186/80C186 (16 MHz). . .80188/80C188 (16 MH .Z180 and more. 


EZ-Pro is a trademark of American Automation Inc. IBM & PS/2 are registered 
trademarks of International Business Machines Corporation. XT & AT are 
trademarks of International Business Machines Corporation. Sun Microsystems 
is a trademark of Sun Microsystems, Inc. Microsoft is a registered trademark of 
Microsoft Inc. MASM is a trademark of Microsoft Inc. 
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_IN-CIRCUIT 


EMULATION 
for 140 devices 


Now 46 versions in the 8051 Family! 
Microsoft® MASM" & C-compiler support! 


Start with source level debugging in C 
and assembly. Add a 4K deep trace, power- 
ful performance analyzer; other attributes, 
and you have EZ-Pro™, the most versatile 
microprocessor development system in the 
world. It also features breakpoints for hard- 
ware addresses, logic probes, address ranges, 
conditional X before Y before Z, trace 
on/off, plus software breaks and counts. 


IBM® XT, AT, PS/2 and Sun Microsystems™ 
host EZ-Pro development systems. 


EZ-Pro will handle your project, or return 
it within 10 days under our zero risk 
Suitability Warranty. 


You may take advantage of the EZ-Pro equity 
rental plan or make a standard purchase. 
Either way, we are ready to ship most 
systems today. 


Your call will expedite prices and specifica- 
tions. Or write: Customer Service, 2651 Dow 
Avenue, Tustin, CA 92680-7207. 


E7-DEMO 89.1 
Type "INSTALL" to instg 


2651 Dow Avenue, Tustin CA 92680 Tel.: (714)731-1661 FAX: (714) 


The enclosed software i is the property of American Automaty 
and conditions of use, refer to the Software License Agr 


SYM- 
BOLIC 
COUPON 


Instant Information: 
Please expedite EZ-Demo 
disk—Interactive. Tutorial. 
Plus... 

] Specifications | Prices 


(714) 731-1661 
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DESIGN IDEAS 


EDITED BY CHARLES H SMALL/ANNE WATSON SWAGER 


Transistors boost difference amp 


R Mark Stitt and Rod Burt 
Burr-Brown Co, Tucson, AZ 


Adding a few cents worth of garden-variety parts to 
an INA105 difference amplifier’s circuitry enables it 
to provide nearly a full +15V output swing from a 
+15V supply. Difference amplifiers have a high input 
common-mode range. Their inputs can accept signals 
that swing beyond both power-supply rails by up to 
5V; unfortunately, most such amplifiers guarantee out- 
put swings of only +10 or +12V froma +15V supply. 

Fig 1 shows the modified difference-amplifier circuit. 
The sum of the amplifier’s quiescent current and the 
output current flowing through its power-supply pins 
drives external transistors Q, and Q, through base- 
emitter connected resistors R; and Ry. Q,; and Q, are 
common-emitter amplifiers and provide a gain of ap- 
proximately 1.7. Thus, the amplifier’s output needs to 
swing only about +9V to obtain a +15V swing at the 
buffer’s output. Fig 2a shows that this circuit avoids 
crossover distortion—a common bugaboo of boosted 
amplifiers. 

Even though the amplifier’s feedback circuit pro- 
vides gain, the scope photo in Fig 2b shows that the 
small-signal response of the circuit remains stable. Be- 
cause a difference amplifier operates with a noise gain 
of two, you can add gain in its feedback loop without 
causing instability if you hew to the following three 
rules: The added gain must be less than two, the op 
amp in the difference amplifier must be unity-gain sta- 


Q2 
2N3904 


Fig 1—External transistors Q; and Q. boost the output of the differ- 
ence amplifier so that it can swing close to the voltage-supply rails. 


ble, and the phase shift added though the gain network 
must be small at the unity-gain frequency of the differ- 
ence amplifier’s op amp. 

This circuit meets these requirements. A block dia- 
gram of the composite amplifier (Fig 3a) illustrates 
the circuit’s feedback loops. Resistors R, and Rg, set 
the gain of the buffer amplifier, A,, which is a current- 
feedback op amp formed from the output transitors in 


i i 
sieae aeen Fttindlase lS 


Fig 2—The scope photo in (a) shows that the circuit’s response to a sine-wave input has no crossover distortion. The scope photo in 6 
shows the stable small-signal response of the circuit driving a 100-pF load. 
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the difference amplifier and the external transistors. put buffer has no current limiting, so a short circui: 
Current-feedback amplifiers are known for their wide at the output could destroy one of the external transis: 
bandwidths and low phase shifts (Ref 1). tors. 
Fig 3b shows one of the two complementary current- 
feedback amplifiers formed from the NPN transitor Reference 
in the output stage of the difference amplifier and PNP 1. Franco, Sergio, “Current-feedback amplifiers 
external transistor Q;. This portion of the circuit is benefit high-speed designs,” EDN, January 5, 1989, 
active for positive output swings. The complementary pg 161. 
section, which uses Qs, is active for negative swings. 
A word of caution: To obtain the extra swing, this To Vote For This Design, Circle No 751 
design sacrifices output-protection circuitry. The out- 


Fig 3—The block diagram in a and the equivalent circuit of one-half of the symmetrical output stage in 6 illustrate the feedback scheme 
of the difference-amplifier circuit. 


Program generates pseudonoise 


Thom Van Nguyen 
Qualcomm, San Diego, CA 
OUTPUT 
A program, available in Basic and Pascal versions, per- 
mits a computer to simulate the function of a hardware 
pseudorandom-pattern, or pseudonoise, generator. The 
program will first ask you to supply a value for n 
between 2 and 35. The program uses this value to set 
up a software model of a standard 2"~" stage shift Fig 1—The programs in the listings simulate the action of this 
register with exclusive-OR (XOR) feedback of one of XOR-feedback shift register of length n, which can generate a pseu- 
the stages (Fig 1). Such feedback shift registers are “0”"0dom pattern that repeats every 2”"* bits. 
called pseudorandom generators because they repeat 
their pseudorandom patterns every 2”~° bits. and to generate simulated random inputs. The program 
You can select one of two feedback configurations _ is available directly from the author for a nominal fee. 
depending on the value of n. If m is odd, the program Send requests to the author at Qualcomm, 10555 Sor- 
will XOR the second and final stages; if 7 is even, the rento Valley Rd, San Diego, CA 92121, or phone (619) 


BUFFER 


program will XOR the final two stages. 587-1121, ext 472. EDN 
The program will display the generator’s bit stream — 
in binary and hex. You can use the program to evaluate To Vote For This Design, Circle No 752 


pseudorandom-pattern generators of various lengths 
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WATKINS-JOHNSON MINI-CIRCUITS AVANTEK 


PRICE AND DELIVERY: 


SPECIFICATIONS *° 
Model/Price (1-9 aty-) 
SS _ & & Prices! for Mini-Circuits’ amplifiers are less than half of 


& SS Pout, 1dB Watkins-Johnson Of Avantek equivalent models and 
dBm delivery is available from Mini-Circuits factory stock.’ 
AMP-74 Mini-Circuits’ amplifiers offer the same guaranteed 
$123.00 | $44.95 specs as Watkins-Johnson models, and specs equiva- 
le , : lent to the Avantek units ’sted...the same pinouts...1N 
ATT ap ae | 145 the same TO-8 package.° | | 
$101.00 | $45.95 These tiny, compact, hermetically-sealed amplifiers, 
aii-2_ | AMp-11-2| UTO-100! “3.5 spanning 9 to 4Q000MHz with gain up to °7cB, are ideally 
$139.00 | $44.95 $100.00 é 
7“ at suited for state-of-the-art portable and low power, high- 
p-15 | UTO-1 002 6.5 . : L 
go4.00 | $40.95 | $85.00 density communications, instrumentation, and EW sys- 
1. Price and delivery as quoted 1/23/89. tems. Capable of operating from a single +15 volt supply, 
>. Availability from distributors may be limited. | these units feature power output levels UP to +14.5dBm. 
3, Some Avantek models are lower height. So why pay More and wait? Order TO-8 amplifiers 
4. Specs per Watkins-Johnson Designers’ Handbook 88-89, from Mini-Circults ia they sure are different. 


Avantek 1988 Product Guide. 
5. -54 TO +85° C 


vay ataner ards 
PWULGI | anda Us 


ILC 


ini-Circuits 


A Division of Scientific Components Corporation 


P.O. Box 350166, Brooklyn, New York 11235-0003 (71 8) 934-4500 
Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 


WE ACCEPT AMERICAN EXPRESS C 129 REV.A 
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Three methods protect pP I/O lines 


Richard J Valentine 
Motorola, Phoenix, AZ 


The three circuits in Fig 1 protect a wP’s I/O lines 
against transients. These circuits have proved their 
worth in numerous, severe automotive applications. 
All three employ a 100-kHz low-pass filter formed by 
a 0.01-F capacitor and a 5.1-kO resistor. 

In Fig la, a 5.1V Zener diode clamps positive-going 
transients, and a Schottky rectifier clamps negative- 
going transients. The Schottky rectifier has problems 
at both ends of the temperature scale. At 125°C 
(257°F), its leakage current may reach 50 pA when 
the input line is at 5V. This leakage is not a big deal 
unless the input resistor has a value of 100 k© or more. 


RESISTOR SETS 
MAX CURRENT 


5.1k 


0.01 pF 


1N5231 


CAPACITOR FILTERS 
RF SPIKES 


mB TO5.1V AND 
5.1V 


RESISTOR SETS 
MAX CURRENT 


CAPACITOR FILTERS 
RF SPIKES 


RESISTOR SETS 
MAX CURRENT 


0.01 pF 


CAPACITOR FILTERS 
RF SPIKES 


ZENER CLAMPS 
POSITIVE LEVELS 


NEGATIVE LEVELS 
7V 


+ 
; MBR030 
5.1k 33 yF 
0.01 uF 
MBR030 


+ 
: 1N4003 
5.1k 33 yF 
1N4003 


More troubling, at temperatures below — 40°C 
(—40°F), the Schottky rectifier’s forward voltage rises 
to about 0.47V, which is perilously close to the —0.50V 
max spec most HCMOS-type wP’s inputs can tolerate. 

In the second circuit, Fig 1b, Schottky rectifiers 
clamp both positive- and negative-going voltage tran- 
sients. 

The third circuit, Fig le, uses two regular silicon 
rectifiers. One rectifier is connected in series with the 
input line, thereby isolating the wP’s inputs from nega- 
tive-going voltage spikes. The other rectifier is in se- 
ries with a 5.1V Zener, which clamps positive-going 
transients. Because the wP’s input-line series rectifier 
subtracts 0.7V from signals seen by the wP, you must 
insert the other rectifier in the Zener’s circuit to bring 


MBRO30 

SCHOTTKY RECTIFIER 
CLAMPS NEGATIVE 
LEVELS TO: 

—0.35V @ 25°C 

—0.47V @ -40°C 


SCHOTTKY RECTIFIER 
CLAMPS NEGATIVE 
LEVELS TO: 

5.35V @ 25°C 

5.47V @ —40°C 


SCHOTTKY RECTIFIER 
CLAMPS NEGATIVE 
LEVELS TO: 

—0.35V @ 25°C 

-0.47V @ —40°C 


Fig 1—These three circuits protect a P’s input lines from destructive transients. 
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The Only 1 GS/sec 
Digital Oscilloscope With... 


Simultaneous 4 channel m 2Msample waveform storage 


digitizing: . 
m 1 GS/sec at 8 bits for transients = FFT, math, and averaging 
m 20 GS/sec at >10 bits repetitive m > 30 pulse parameters 


m 50k samples per channel ~= Statistics 


m Logic, glitch, interval, & TV . 
rtalele(=\alare m PASS/FAIL decisions 


LeCroy 7200 modularity lets you Eliminate oscilloscope obsolescence... 
choose 2 to 4 channels with 400 MHz ...with the 7200, you can add plug-ins 
bandwidth. Uniquely, the 7200 never as your needs change and as 
gives up sampling rate or waveform technology advances. 
memory as you increase the number 

of channels. 


Only LeCroy makes advanced 


[0 Ae hee 8G et SON “RI Ne SN A re mS 


analyses so easy! Automate voltage, 100 to 50,000 point FFTs! =e 
time, frequency, and even PASS/FAIL View both the waveform and the spectrum 
measurements. Qualify these at the same time. 


measurements with histograms 
and trend data. Store the 
waveforms and all calculated 
results on the built-in hard disk 
and floppy. 


Display up to 8 live, stored, or analyzed 
signals simultaneously. 


Call (800) 5 LECROY 


or (914) 425-2000 ext. 6038 
for literature or a demonstration. 


scameomnreenauarcsosiinassnTiee ee tT : 
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oa ARENA TERRE. 


ace pT : 
I ecco LeCroy Corporation, 
sree Uae Sea 700 Chestnut Ridge Road, 
pee : 1Oye 8 ¥ f . 
egg panna NNIAUTS ose Chestnut Ridge, NY 10977-6499 
ait ee Luu ae Raha 


mam amt 
Aor th ea ee 
{ 


Prue} 


LeCroy 


Innovators in Instrumentation 
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the clamping voltage up to 5.7V. This addition ensures 
that the wP will see 5V max and not 4.3V max. 

Your pe-board or thick-film design layout can also 
affect the wP’s reliability in the face of overvoltage 
transients. Locate the clamping networks close to both 
the input-socket pins and to ground. The pwP’s own 
ground traces should not be in the path of any voltage- 


clamping networks. You may also find that placing a 
metal shield around the wP’s pc-board area protects 
the wP against radio-frequency interference and elec- 
trostatic discharge. 


To Vote For This Design, Circle No 753 


Optoisolators protect solid-state relay 


Brady Barnes 
Inter-Tel, Chandler, AZ 


The circuit in Fig 1 protects a solid-state relay from 
overloads. The circuit limits current, automatically dis- 
connects the load after detecting a short circuit, and 
develops a fault-condition output signal. 

In normal operation, the controlling wP sets the flip- 
flop, IC,, which turns on transistor Q,. When Q, turns 
on, current flows through the solid-state relay’s input, 
thus activating the relay. 

If an overcurrent or fault condition occurs, the exces- 
sive load current flowing through the relay develops 
enough potential across sense resistor R; to turn on 
one of the optoisolators, IC,, or IC4g. The optoisolator’s 
output transistor diverts current around the solid-state 


relay’s input, which limits the current the relay’s out- 
put can pass. 

If the overload is severe enough, the optoisolator 
pulls the input of the Schmitt trigger above its thresh- 
old, thus clearing the flip-flop and turning off the solid- 
state relay. R, has two functions: It keeps the input 
of the Schmitt trigger below 5V max to prevent 
latchup, and it forms an RC filter in conjuction with 
C,. The RC filter prevents spurious triggering of the 
Schmitt trigger. 

You can use the output of the flip-flop to signal over- 
load conditions to the controlling wP. 


To Vote For This Design, Circle No 754 


CONTROL 
FROM DATA SOLID-STATE 
uP CHIP ‘ 
SELECT - 
a 1N5239 at . 
“ A: : R TO LOAD 
ce 4 5 
@ 
ae 
LCA120 
ICaa 
at 1 
7 eh 
oa 0 Gil 2 16k ILD2 e 
4B 
nS C; 0.001 pF Ra 6 4 
v 270 1/2W y 
5V S 
itD2 NOTES: LCA120=THETA-J, 
= 0 ILD2=SIEMENS. 


Fig 1—When optoisolator IC, detects excessive currrent in sense resistor R; in the solid-state resistor’s load path, the optoisolator diverts 
current around the solid-state relay’s control input. If the overload is severe enough, the optoisolators trigger the Schmitt trigger, which 


clears the flip-flop and turns off the solid-state relay. 
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Our new baby 


You won't hear a peep out of her. That’s 
because our new baby is a Diplomat™. 
revolutionary new blower box that’s so quiet 
it wouldn’t wake a real baby. 

It’sa uniquely designed cooling 
device that combines a tubeaxial fan propel- 
ler and venturi inside a blower scroll. 

Oh, we know other people are 
making a lot of noise about conventional 
blowers and mixed flow wheels — but that’s 
just it. Compared to our new baby, they 
make alot of noise. 

Listen to how quiet ours is: 10 to 15 
dB lower than a combination of conventional 
fans; 4 to 6 dB lower than blowers and mixed 
flow wheels. One reason is we make our 


OMAIR 


each one to your exact requirements. 

Just let us know your operating point 
and size constraints. Then choose from 
available options like ThermaPro-V™, fan 
performance sensors and tachometer output. 

Call Comair Rotron at (800) 367- 
2662 for literature on the Diplomat™ blower 
box. Now, getting less noise and more air 
flow is practically child’s play. 


scroll out of foam instead of sheet metal. 
And because the acoustic noise of the 
Diplomat™ stays low across the frequency 
spectrum, it sounds even quieter, we sub- 
mut, than its dB ratings suggest. 
Performance is superior, too. We use 
7 blades instead of the conventional 5, posi- 
tioning them inside the scroll to allow the 
natural airflow path to conform to the 
scroll’s shape. Asa result, we can generate 
more airflow across a broader outlet. 
And not only do you get 
improved performance, 
you get exactly the 
performance you want 
because we custom-make 
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a KLI company 
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Hex error messages suit assemblers 


Charles H Small 
EDN, Newton, MA 


When you're developing a program in assembly lan- 
guage and have reached that frustrating, shaky stage 
where various unknown problems cause your program 
to die repeatedly, error messages often prove handy 
during post mortems. Cooking up error messages is 
easy for software engineers who enjoy the luxury of 
high-level languages because these languages have 
built-in functions for outputting ASCII strings. Assem- 
bly-language programmers must fashion their own 
tools. 

A primitive, assembler-compatible scheme capital- 
izes on the possibility of spelling words with hex num- 
bers. For example, DEADgry is, after all, a condition 
as well as a hex number. If you need more than one 
error message, you can use DEDIlygx, DED2y¢x, 
DED3y¢x... DED9yex. 

If you’re willing to squint a bit and read some numer- 
als as letters, you can also enter “died” as Dl1EDyrx 
and use BOOByrx to signal that your program has done 
something stupid. 


One way to employ these assembler-compatible error | 


messages is to fill unused portions of memory with 
NOPs. At the very end of a field of NOPs, insert two 
commands: one to write an error message—say, 


DEADyx—to a handy memory location, I/O port, or 
wP register; and another to jump to a reset routine. 
This trick lets your program recover gracefully from 
an erroneous jump to the wrong memory area and 
leaves a record of where the program went wrong. 
And you won't have to bother with laboriously insert- 
ing ASCII strings into your assembler code; your as- 
sembler will happily digest these error messages as if 
they were just hex numbers. 

During debugging, you needn’t feel envious of high- 
level programmers and their high-level-syntax debug- 
gers—even the simplest debug monitor can get your 
error messages from a memory location or wP register 
and display them in readable form. Statistically speak- 
ing, this scheme is fairly foolproof; only a few chances 
in 64k exist that your crashing program will overwrite 
your error-message location with a readable error mes- 
sage. Most of the time, you'll probably see the usual 
gibberish. 

You can also employ a more scattershot approach 
by appending a small NOP field followed by the error- 
message-writing and jump-to-reset instructions to 
every subroutine after its normal exit instruction. This 
trick may gently shortstop an erratically careening pro- 
gram before it crashes. (This hint courtesy Richard 
Valentine, Motorola, Phoenix, AZ.) 


FEEDBACK AND AMPLIFICATION 


Routine obviates self-modifying code 


Noor Singh Khalsa’s Design Idea, “Alterable code en- 
hances instructions” (EDN, May 12, 1988, pg 210), 
reminded us of an application requiring indexed bit 
access in the 8031 single-chip pP. (Ed Note: Copy edit- 
ing altered the original title of Mr Khalsa’s Design 
Idea, which read “Self-modifying code enhances in- 
structions.”) Our approach is somewhat different from 
Mr Khalsa’s and requires no special hardware or self- 
modifying programs. 

The two routines in Listing 1 set and clear, respec- 
tively, a bit whose composite address you put in the 
accumulator before calling the routines. The subroutine 
BREAK splits this composite address into two parts: 
an address in the BYTE address space and the number 
of the individual bit to be cleared or set. BREAK uses 
this formula: 


172 


Byte_ad = Bit_ad DIV 8 + 20H; 


i {Returned in Rl} 
Bwib = Bit ad MOD 8; 


{Returned in RO}. 


Then BREAK creates a bit mask. Depending on 
whether you wish to set or clear the bit, the routine 
makes a mask by shifting a single 1 into the proper 
position in a byte of zeros or a single 0 in a byte of 
ones. A byte-wide OR with the first mask will set the 
bit; a byte-wide AND with the second mask will clear 
the bit. 

This approach does not require overlapping the sin- 
gle-chip ~P’s RAM and ROM address spaces and does 
not modify executable instructions. 

Gary Lynch, R&D Staff Engineer 
IMO Industries Inc 

8750 E Market St 

York, PA 17402 
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For Screaming C30 Speed from Your AT, 
Buy Banshee and Hang On! 


The new Banshee System from Atlanta 
Signal Processors, Inc., can turn your 
AT or compatible into a full-blown C- 
language processing engine. 

Banshee includes the first commer- 
cially available co-processor mother 
board based on T'T’s "TMS320C30 
microprocessor chip. The result 
is blinding 33 MFLOP speed 
that qualifies your AT for 
high-volume, high-speed cal- 
culations and C30 DSP system 
development. 

The ASPI flexible memory ap- 
proach further enhances AT perfor- 
mance. [he mother board contains 
64 to 512 Kbytes of dual access RAM 
and 8 Kbytes of dual port RAM. An 
optional bulk-memory daughter board 
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can add up to 16 Mbytes of DRAM 
to the system. 

Other options include a wirewrap 
board for your custom hardware ap- 
plications; a 16-bit, dual-channel, 


200 kHz A/D-D/A daughter board; 


eT, 


SkeAGER aR AERA SHEA AAAS SRE ERR REREAD 
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a multiprocessor board and a host of 


other daughter boards under 
development. 
Banshee also provides a sophisti- 
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cated, user-friendly software envi- 
ronment. The basic system includes 
SPOX™ (a C30 operating system), a 
program for loading and linking C30 
code on the AT host, a full-featured 
C30 program debugger, and a pro- 
prietary shell program to make it 
all easy. 
For detailed specifications 
and prices, contact Atlanta Signal 
Processors, Inc., 770 Spring St., 


Atlanta, GA 30308. ‘Telephone 


adel 


WORLD LEADERS IN DSP DESIGN TOOLS 


SPOX is a trademark of Spectron, Inc. 
AT is a trademark of International Business Machines, Inc. 
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Design Entry Blank 


$100 Cash Award for all entries selected by editors. An 
additional $100 Cash Award for the winning design of 
each issue, determined by vote of readers. Additional 
$1500 Cash Award for annual Grand Prize Design, 
selected among biweekly winners by vote of editors. 


To: Design Ideas Editor, EDN Magazine 
Cahners Publishing Co 
275 Washington St, Newton, MA 02158 


| hereby submit |my|Design Ideas entry. 


Name 


Title Phone 


Company 
Division (if any) 
Street 

City 

Design Title 


Home Address 


Social Security Number 
(Must accompany all Design Ideas submitted by US 
authors) 


Entry blank must accompany all entries. Design entered 
must be submitted exclusively to EDN, must not be 
patented, and must have no patent pending. Design must 
be original with author(s), must not have been previously 
published (limited-distribution house organs excepted), and 
must have been constructed and tested. 

Exclusive publishing rights remain with Cahners 
Publishing Co unless entry is returned to author or editor 
gives written permission for publication elsewhere. 

In submitting my entry, | agree to abide by the rules of 
the Design Ideas Program. 


Signed a 
Date 


ISSUE WINNER 
The winning Design Idea for the June 8, 1989, issue is 
entitled ‘‘Power isolators are bidirectional,’ submitted by 
John LaBelle of Logical Control Engineering (Long 
Beach, CA). 


Your vote determines this issue’s winner. All designs 
published win $100 cash. All issue winners receive an ad- 
ditional $100 and become eligible for the annual $1500 


Grand Prize. Vote now, by circling the appropriate number 
on the reader inquiry card. 


FEEDBACK AND AMPLIFICATION 


LISTING 1 
8031 INDEXED-BIT ROUTINES 


Indexed bit set operation 
; (ACC holds bit address upon entry) 


SET BIT A: 
ACALL 


BREAK ; Break into byte and BwiB address 
MOV A,#01H ; Set up OR mask 
CALL MASK 
ORL A, @R1 ; Set appropriate bit 
MOV @R1,A 


Indexed bit clear operation 
(ACC holds bit address upon entry) 


CV we we we we 


LR BIT A: 
~~ ACALL ~~ BREAK ; Break into byte & Bw/iB addresses 
MOV A,#NOT(O1H) ; Set up AND mask 
MASK 


CALL 
ANL A,@R1 ; Clear appropriate bit 
MOV @R1,A 
RET 
BREAK: MOV B, #8 
DIV ~—— AB 
MOV RO,B 
ADD A,#20H 
MOV R1,A 
RET 
MASK: — CUNE RO, #0, LOOPM 
RET 
LOOPM: RL A 
DJNZ RO,LOOPM 
RET 


Updated program speeds calculations 


Since the publication of my Design Idea, “Program 
speeds best-fit 1% resistor calculations” (EDN, July 
7, 1985, pg 808), I have come up with a greatly im- 
proved version of the program. I’d be happy to send 
a copy of the new and improved version to anyone 
who will send me a self-addressed stamped envelope. 
Andrew K Dart 

Andy’s Bureau of Standards 

Box 380508 

Duncanville, TX 75138 

Phone (214) 296-6490 


Editors regret figure mixup 


Sharp-eyed readers have probably already spotted 
the mixup in the Design Ideas section of the June 22, 
1989, issue of EDN. The Fig 1s accompanying “Triacs 
preregulate HV supply” by Héctor Gellon on page 236 
and “True-rms AGC provides constant power” by Mark 
Murphy on page 238 were inadvertently switched. 
Please note that the captions are correctly placed. 
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s the storage 
and retrieval 
device for 

valuable information, a disc drive 
plays a critical role in a personal com- 
puter’s overall operation. Building 
hard disc drives that deliver both high 
performance and high reliability 
requires the same degree of precision 
employed by skilled artists. 

This precision 1s reflected in 
every Seagate ST157 family drive. 
Using our own stepper motor proc- 
esses, each drive is auto-tuned for 
optimum performance every time 
the drive is powered up. 

This 21-49 megabyte 3.5” drive 
family is a skillful blend of perform- 
ance and reliability. With access times of 
28 msec, these drives feature an MTBF 
of 70,000 hours, and are available in 
SCSI, ST412 and AT” interfaces. 

Like the artist who spends year 
perfecting his craft, Seagate has spent 
the past decade mastering the fine 
art of disc drives. For more informa 
tion on our palette of high quality 
storage solutions, contact your author- 
ized Seagate distributor, or call 

7 Ae Seagate directly at 800-468-DISC, 
Oil painting by c. { : : / or 408-438-6550. 


Francis Livingston 
SS Seagate 


San Anselmo, California 
AT isa registered trademark of International Business Machines Corporation. 
Seagate and the Seagate logo are registered trademarks of Seagate Technology, In 
© 1989 Seagate Technology, Inc. 
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AMP MICRO-EDGE 
SIMM sockets provide the 
highest security your memory or logic 
module could ask for: Each contact 
produces 200 grams normal force 
on each module pad. Minimum. 
And the contacts float. They’re 
free to move laterally, so uneven 
thermal expansion can’t separate 
contacts from pads. Goodbye, fretting 
corrosion, opens and intermittents. 


AMP and MICRO-EDGE are trademarks of AMP Incorporated. 


Lr 


Hello, reliable performance on 100 
mil and 50 mil center modules. 
We've also thought about the 

effects of use on long-run reliability. 
So our MICRO-EDGE SIMM sockets 
provide positive wiping action during 
insertion. And contacts are designed 
to deflect up to .017”, with full 
anti-overstress protection—forgiving 
enough to handle any standard 
(.047” to .054” thick) module board. 


4” 


Over the life of your product, the 
socket housing can take a real beat- 
ing. We’ve thought that through, too. 
Our liquid crystal polymer housings, 
rated for continual use at 200°C, 
give ramps and latches the strength 
and dimensional stability that promise 
a long, useful life. 

We've also seen to it that contact 
retention in the housings allows 
robotic application, as well as inde- 
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pendent repair or replacement. Closed 
bottom design prevents solder wicking 
and bridging. And, naturally, latching 
ears are protected against overstress, 
and module polarization is designed in. 
Now the best part: MICRO-EDGE 
SIMM sockets are available in the 
style you need. We have .100” or 
.050” centerlines in a wide selection 
of singles and duals, vertical and 
slanted. Plus options, including a 
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choice of gold or tin on contact mating 
surfaces. 


Our very-low-insertion-force design 


and high-reliability contacts make 


the 50 mil versions especially attractive 
Every version comes with the quality 
and support you expect from AMP. 


For literature and product informa- 
tion, contact the AMP Information 
Center, toll-free, at 1-800-522-6752. 
AMP Incorporated, Harrisburg, PA 
17105-3608. 


AAINIPF] interconnecting ideas 
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ELECTRONIC DEVICES 


OKI SYSTEM TECHNOLOGIES. 


Sub-micron production in full swing, bringing the new age of 
4M DRAMs 


Oki’s Miyagi Plant, benefitting from the latest advances in the company’s 
system technology, has already reached mass production and shipment of 1M- 
bit memories and has recently begun quantity production of 4M DRAMs. At 
the Miyagi Plant, broad utilization of ultra-fine process technology and state- 
of-the-art automation combine to assure the high quality of these products. 
Oki is already well underway with technological innovation enabling produc- 
tion of 16M-bit memories. 


High-level automation with ultra-fine process production 


Oki’s 0.8u process technology used in its second-generation 1M-and 4M- 
bit memories has been integrated into one of the world’s most advanced pro- 
duction lines for reliable mass production of over 20,000 6-inch wafers per 
month. 

In 1988 Oki led the world with the first facility dedicated for production of 
sub-micron devices. Today that lead is being extended with the latest advances in 
automated manufacturing, such as sophisticated wafer tracking systems for improved 
quality and production control monitoring. 

From the transportation system, driven by linear motors, to individual pro- 
duction equipment in each process machine group, all are computer controlled. 
To assure products of extremely stable quality, automation and every detail of 
the production environment ate maintained at the world’s highest levels. 


High performance and packaging flexibility support customers 
in a wide range of applications 

Oki’s Advanced System Technologies are dedicated to total customer satis- 
faction. A comprehensive service system provides flexibility, quality, cost sav- 
ings and quick turn-around times. 


Oki’s Miyagi Plant, featuring world-standard process technology and automation. 


Oki Electric Industry Co., Ltd. Oki Semiconductor Group 
Electronic Devices Group 785 North Mary Avenue, Sunnyvale, 
Overseas Marketing Group CA 94086, US.A. 

75-25 Nishishinjuku, Shinjuku-ku, m Tel: 408720-1900 mi Fax: 408720-1918 
Tokyo 160, Japan m Telex: 296687 OKI SUVL 

m Tel: 3-5386-8100 mi Fax: 3-5386-8110 


m Telex: J27662 OKIDENED Oki Electronics ne Kong) Ltd. 
Oki Electric Europe GmbH Suite 1801-4, Tower 1 

Hellersbergstr. 2, D-4040 Neuss 1, China, Hong Kong City, 33 Canton Road., 
West Germany TST. KLN, Hong Kong 

m@ Tel: 2101-15960 wm Fax: 2101103539 =m Tel: 37362336 =m Fax: 37362395 

@ Telex: 8517427 OKI D m Telex: 45999 OKI HK HX 


OKI 
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DEVELOPMENT SYSTEM 


@ Assists in debugging embedded 
systems 
@ Lets you monitor and change 
control software as it runs 

The Step-160 nonstop development 
system is a hardware and software 
tool for development and debugging 
of software for real-time control 
systems based on embedded wPs. 
The IBM PC/AT-hosted unit allows 
monitoring and modification of con- 
trol programs without halting their 
execution. The unit includes a high- 
level-language compiler, a source- 
code debugger, a cross-assembler, 
and a user-debug monitor. It per- 
mits access to all wP buses and in- 
cludes analog and discrete digital 
input channels as well as TTL in- 
puts. You can use the unit to cap- 


VXI EQUIPMENT 


@ 5-slot C-size mainframe and four 
controllers 

® Counter/timer and DMM 

The VX1405 5-slot C-size main- 
frame can house modules based on 
the VXIbus (VME extensions for 
instrumentation). The VX4223 is a 
9-digit counter/timer module, and 
the VX4286 is a 5’4-digit multime- 
ter (DMM). The VX4530 and 
VX4535 are C-size system control- 
lers: The former has a 16-MHz clock 
rate, and the latter has a 20-MHz 
clock rate. The VX5530 and 
VX5535 are, respectively, 16- and 
20-MHz D-size controller modules. 
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ture data to disk. Data filtering and 
complex triggering enable the cap- 
ture of significant information. Fur- 
nished software eases data analysis. 
$18,500. Delivery, 90 days ARO. 


VX1405, $3600; VX 42238, $3500; 
VX4236, $3750. Delivery, eight 
weeks ARO. VX4530, $11,750; VX 
4535, $17,500; VX 5530, $17,900; 
VX 5535, $28,900. Delivery, 12 
weeks ARO. 

Tektronix Inc, Box 1700, Beav- 
erton, OR 97075. Phone (800) 835- 
9433, ext 170. 

Circle No 359 


SWR/WATT METER 


@ Measures forward and reflected 
power 

@ Provides 10% accuracy from 1.8 
to 30 MHz 

The MFJ-815B is a cross-needle 

SWR/W meter that operates from 

1.8 to 830 MHz. In addition to meas- 


Step Engineering, Box 3166, 
Sunnyvale, CA 94088. Phone (800) 
538-1750; in CA, (408) 733-7887. 
FAX 408-733-1073. 

Circle No 358 


uring SWR from 1:1 to 8:1, the unit 
measures forward and reflected 
power on two scales: 2000W for- 
ward/500W reflected and 200W for- 
ward/50W reflected. Accuracy is 
10%. $69.95. MFJ-1312 ac line- 
operated transformer to power- 
scale illumination, $12.95. (Scale 
illumination can also use your 12V 
de source. ) 

MFJ Enterprises Inc, Box 494, 
Mississippi State, MS 39762. Phone 
(800) 647-1800; in MS, (601) 323- 
5869. FAX 603-323-6551. TLX 
534590. 

Circle No 360 


EMULATOR CABLES 


@ Replace DIP/PLCC converters 
and DIP extension cables 

®@ Connect ICE without removing 
adjacent pe boards 

The EXT40/44A-2X transmission- 

line extension cables convert from 

40-pin DIP to 44-pin PLCC (plastic 

leaded chip carrier) termination. 

The units are designed to connect 

between the pod of an in-circuit 
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emulator for the 8051 microcom- 
puter and the target system’s proc- 
essor socket. Each cable replaces 
two parts—a DIP extension cable 
and a DIP/PLCC converter—and 
has a profile lower than that of the 
two parts. The low profile permits 
the plug-in units to function in many 
situations that would otherwise re- 


/ he fa 


i} 


PLDesigner.” 


quire removal of an adjacent pc 
board. To provide low crosstalk and 
controlled impedance, each signal 
wire is paired with a ground wire. 
In 6-, 9-, and 12-in. lengths, $220, 

$224.50, and $229, respectively. 
EDI Corp, Box 366, Patterson, 

CA 95868. Phone (209) 892-3270. 
Circle No 361 


It’s like buying time. - 


Cut weeks from your complex PLD logic designs. PLDesigner design 
synthesis system combines powerful design entry with automatic design 
partitioning and device selection to automate time consuming design steps. 

With PLDesigner, you enter and simulate the design before device imple- 
mentation. PLDesigner automatically partitions the design and presents device 
solutions from a 2500 device library that includes advanced architecture 
devices. No more manual partitioning, data-book searches or trial-and- 


error design. 


Enter designs using a high-level language, waveforms, or sche- 


matic entry to speed design creation. Combine several designs |’ 
into a system to reduce IC count, cost and PC-board space. =" = 

The process is executed automatically... 
assignments, documentation, test vectors, and programmer 


setup to get the job done faster. 


PLDesigner runs on the PC and is the only PLD solution to 


including pin 


be fully integrated into the Mentor Graphics, Cadnetix, and 


Intergraph environments. 


See what it’s like to buy time and get your designs to market faster. Call for 


a FREE demo package. 


Minc Incorporated 1575 York Road, Colorado Springs, 


CO 80918 719-590-1155 
CIRCLE NO 12 
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SWITCH SERIES 


@ Allows connection of six TC 
probes to one thermometer 
@ Available for type J, K, and T 
probes 
The 8000 series of multiprobe 
switch boxes allows you to connect 
six thermocouple probes to a single 
thermometer, and to select among 
the probes, using a rotary switch. 
The switch boxes, which are avail- 
able for type J, K, and T probes, 
work with standard extension ca- 
bles. $89. 

Tegam Inc, 7230 N Ridge Rd, 
Madison, OH 44057. Phone (216) 
428-7505. FAX 216-428-1068. 

Circle No 362 


MIXED-SIGNAL TESTER 


@ Verifies analog/digital ASIC de- 
signs 

@ Lets you integrate IHREE-488 in- 
struments you select 

The Logic Master XL Mixed-Signal 

Verification System extends the 

vendor’s digital ASIC-verifiers to 
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On universal standby. 
With double overcharge protection. 


VARTA — worldwide leader in NC Button Cell With up to 12% higher capacities than the 
technology again demonstrates their ability to proven DK cells and with a fast recharge 
innovate — has now developed a new genera- capability of 7-hours in addition to the normal 


tion of rechargeable NiCd Button Cells capable  14-hours. When trickle charging, the cells can be 
of accepting high rates of trickle charge currents. used with currents of between 0.01 CA (0.1 x 110) 
Even when fully charged, these cells can stillbe and0.05 CA (0.5 x 110). Why not enhance 
overcharged at currents of up to 0.2 CA (2x 110) your product features with a high reliabi- 
without risk of failure and are therefore idealfor lity standby power source. 

continuous charging in standby applications. Just give us a call for your 

The new VARTA V...R cells you can rely on. free samples. 
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allow characterization and design 
verification of analog/digital devices 
with as many as 176 digital I/O pins. 
The heart of the analog portion of 
the 80386-based system is a wide- 
band, low-noise switching matrix 
that resides on the IEEE-488 bus. 
You can add IEEE-488 instruments 
of your own choosing to the system, 
and the software will allow you to 
write procedures to control them. 
You can then integrate these proce- 
dures into larger device-test pro- 
grams. The system’s digital I/O 
channels operate to 100 MHz with 
a +1-nsec timing skew. From 
$120,000. Upgrades to existing 
Logic Master XL systems, from 
$60,000. Delivery, fourth quarter 
1989. 

Integrated Measurement Sys- 
tems Inc, 9525 SW Gemini Dr, 
Beaverton, OR 97005. Phone (503) 
626-7117. FAX 503-644-6969. 
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Now the best realtime clock aia just got better. The new — 

_ RTC-72421 adds improved electrical characteristics to ne 
list of famous EPSON features: built-in crystal, fast access us 
and low current consumption. The RTC-72421 needs no- 

_ external circuitry. That makes it faster to install, less _ © Beclaaa 


expensive to stock and assemble...and you get full time/ _ 


SPECTRUM ANALYZER 


® Covers 10 kHz to 21 GHz 
@ Offers —103-dBc/Hz sideband 
noise at 30-kHz offset 

The 492PGM portable microwave 
spectrum analyzer covers a fre- 
quency range of 10 kHz to 21 GHz. 
It has an 80-dB dynamic range and 
can measure frequency with 0.001% 
accuracy. At an offset of 30 kHz 
from a carrier, sideband noise is 
—103 dB below the carrier level. 
Residual frequency modulation is 12 
Hz p-p. The unit automates the 
measurement of filter bandwidth 


date functions, direct bus compatibility plus hd ag for. 


EPSON’ wees 


: Panety — 


“Call your sales rep Bocce 


> EPSON Sales Re esentatives: AL-GA-TN-NC The Novus Group 205/534-0044 - CA-No. Costar 408/446-9339 - CA-So. Ba 

— -303/ + IL-WILTD Technologies 312/773-2900 - IN-KY C C Electro 317/255-1 

oe MD-VA Tech. Sales Assoc. 301/461-7802 NJ 
_ OR-WAE. E. Sales 503/639-3978 - PA Omega Sales 215/947-4135 - TX-0K Component Tech. 214/ 


469-8088 - Mark 305/771-6501 - 


~ Rosen Assoc. 617/ arto 
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- Component Sales Department 


JMR Sales 201/254-8484 
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Oscillation Circuit: 


and includes an automatic normali- 
zation feature to eliminate calcula- 
tions when determining carrier-to- 
noise ratios. It also automatically 
converts signal levels to decibels 
with respect to several reference 
levels and can directly drive a 
graphics plotter. $19,900. Delivery, 
six weeks ARO. 

Tektronix Inc, Box 500, Beaver- 
ton, OR 97077. Phone (800) 835- 
7732; in OR, (503) 235-7315. 
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A/D 1/0 CARD 


@ Includes ADC, DAC, digital I/O, 
and tumer/counter 

© Offers eight differential or 16 sin- 
gle-ended analog inputs 

The R718 is a multifunction analog/ 

digital data-acquisition card for the 

IBM PC bus. A 12-bit ADC samples 

at 100k samples/sec and can accept 

data from eight differential or 16 


PECIFICATIONS — a | 
2 Realtime eek Module RTC-72421 © . 


eee Time: 
Precision: 
Supply Voltage: 


120 nanoseconds © 


pi 
Built-in (32. 768 KHz 


Telephone: 213/373-961 


Electronics 714/957-3367 - CO-UT Wn. Region Mktg. 
} = KA-MO-IA Microtronics 913/262-1444 - MA-NH-( 
/ 206-1400» * OH-MI J. D. Babb Assov. 216/323-7081 - : 
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single-ended channels. The unit, 
which implements direct-memory 
access, also includes a DAC, an 
ADC, a timer/counter, and digital 
input and output ports. A compan- 
ion utility software disk contains 
high-level command routines, sam- 
ple programs, and routines for 
linearizing transducer outputs. 
$1495. 

Rapid Systems Inc, 483 N 34th 
St, Seattle, WA 98103. Phone (206) 
547-8311. FAX 206-548-0322. 
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900-MHz COUNTER 


@ Operates to 100 MHz in direct 
mode 

@ Offers 50-mV-rms sensitivity at 
550 MHz 

The Model 1804 makes direct 8-digit 

frequency measurements from 5 Hz 

to 100 MHz with 1-Hz resolution 

and, with its internal prescaler, 


measures from 10 to 550 MHz with 
10-Hz resolution. Resolution stated 
is obtained with a 0.1-sec gate inter- 
val in direct mode and a 1-sec gate 
interval in prescaled mode. The di- 
rect input has an impedance of 1 
MQ shunted by 40 pF; the prescale 
input has an impedance of 500. 
Sinewave sensitivity in prescaled 
mode is 50 mV rms throughout the 
useful frequency range. A 100-kHz 
lowpass filter is switch selectable. 
$295. 

B&K Precision, 6470 W Cort- 
land Ave, Chicago, IL 606385. Phone 
(312) 889-9087. 
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100% STD-AT 


« Fast 10,7 12 16 or 0 MI 8028 : 

e Phoenix Bios — 

© 20, 40, 100 Mbyte 27 mS Hard Disk 

e VGA, EGA, CGA, MDA Color Graphics 

e Industry Standard IEEE 961 STD Bus 

e Compact, Rugged, Industrial Packaging 


The STD-AT™ is the first 80286 IBM-AT compatible STD Bus computer offering over 
18 times the performance over a Standard XT. The compact 4.5” x 6.5” STD Bus 
card size makes it ideal for mounting in disguised and embedded controllers in a 
wide variety of industrial and commercial applications. The STD-AT is the blending 

of proven hardware and software standards to provide the most rugged, 
compatible, cost effective industrial solutions. 


WRITE OR CALL FOR A FREE STD-AT BROCHURE 
P.O. Box 121361, Arlington, TX 76012 Phone (817) 274-7553 Fax (817) 548-1358 


WinSystems*” 


“THE STD BUS AUTHORITY™™ 
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SURFACE 
MOUNT 
DIP 
SWITCH 


SURFACE MOUNT 


LOW PROFILE 


SURFAGE MOUNT TYPICAL IC 


PREVENTS CONTAMINATION 


FOR A FREE SAMPLE 
CALL 312-888-7245 
AMERICAN RESEARCH 


& ENGINEERING 
1500 EXECUTIVE DR. ELGIN IL 60123 
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* 16 « 12-bit A/D 
* 4 x 12-bit D/A 


Software 
and Support 
included 


* Ethernet 
* TCP/IP onboard 


CMOS Single Board Compu- 
| ter: 68HC000 (12.5/16.0 MHz) 
| . * 128KB-1MB CMOS SRAM 


* 0 WS * 512 KB ROM * RTC * HW Watchdog 
* 2Xser. VO %® RS232/422/485/20mA/Fiber Optic 
* 20 x TTL VO * SCSI opt. * 3 Watts only 

* Monitor, OS-9, PDOS 


Modular Computers® 
USA * Pittsburgh * Call tollfree: 
\ 1-800-228-1737 (outside PA) 


1-800-255-1737 (inside PA) 


Germany + Kaufbeuren + Call (8341)4302-0 
France + Sévres « Call (1)45346060 

Sweden « Taby « Call (8)7567260 

Benelux » Brussels * Call (2)4783416 

UK « Brighton « Call (2)73771297 
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NEW PRODUCTS 


CAE & SOFTWARE DEVELOPMENT TOOLS 


RF DESIGN TOOL 


® Creates Smith charts to aid in 
analysis of transmission lines 
@ Allows for line losses and pro- 
vides a reference mode 
Z-Match is an RF-design program 
that runs on IBM PCs and compa- 
tibles, and handles the calculation 
and conversion of impedance and 
admittance, parallel and series net- 
work equivalents, wavelengths, 
distances, characteristic impedance 
(Zo), dielectric constants, reflection 
coefficients, standing-wave ratios, 
and Q values. The program creates 
a Smith chart based on two sets of 
circles, one of which represents the 
resistive component and the other 
the reactive component. The circu- 
lar properties of the chart let you 
make calculations of impedances, 
admittances, SWRs, and Q values, 
by simple geometric constructs, and 
read off actual values at the cursor 


80386 CROSS-DEBUGGER 


@ Lets you debug 32-bit protected- 
mode software 
@ Works with a monitor resident in 
the target system’s ROM 
Soft-Scope III/386 is a source-level 
cross-debugger that runs on an IBM 
PC/AT or compatible machine and 
lets you debug 32-bit protected- 
mode software for an 80386- or 
80486-based target system. The de- 


bugger communicates with Intel’s 


iM III monitor, resident on the tar- 
get system, over a serial communi- 
cations link. Soft-Scope III and iM 
ITI can work with 80386, 80386SX, 
80376, and 80486 processors. The 
debugger provides advanced sym- 
bolic capabilities and allows you to 
view any user-declared symbol (in- 
cluding structures, multidimen- 
sional arrays, unions, and bit fields) 
by means of a symbolic, formatted 
display. The debugger also provides 
a C-like macro facility and the abil- 
ity to evaluate complex symbolic 
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position. You can directly imple- 
ment the solutions that you find 
with the aid of Z-Match with trans- 
mission-line transformer and stub- 
matching methods, using coaxial ca- 
bles, microstrip, stripline, and 


expressions. The program reports 
hardware protection traps, such as 
stack overflow and segment over- 
run, at the source-code level, and 
allows you to view protected-mode 
structures such as global and local 
descriptor tables. The debugger is 
compatible with a variety of pro- 
gramming languages, such as In- 
tel’s ASM886, PLM886, and C386, 
as well as Metaware’s High C-386 
and PharLap’s 386/ASM. $1500. 
Concurrent Sciences Inc, Box 
9666, Moscow, ID 83843. Phone 
(208) 882-0445. FAX 208-882-9774. 
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AUTOROUTER 


® Can handle six signal layers as — 


well as power and ground layers 
@ Can handle as many as 3500 

components and 10,000 pads 
Traxstar is a grid-based, costed 
maze autorouter with full rip-up 
and reroute capability. The pro- 


; on hey, 
co ae ie 
eins  , 


pponooomooitey, 


Generator: 0.41% 


Loads 1.Ge4 


waveguides. £130. 

Number One Systems Ltd, Har- 
ding Way, Somersham Rd, St Ives, 
Huntingdon, PE17 4WR, UK. 
Phone 0480 61778. 
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gram can handle six signal layers 
in addition to separate power and 
ground layers. Depending on the 
amount of available memory, your 
design can have as many as 38500 
components, 10,000 pads, and 
12,000 connections on a board as 
large as 20X82 in. The program 
performs several passes: A pattern 
router recognizes specific vertical 
and horizontal patterns for fast 
routing; a maze-expansion router 
optimizes costing for both speed 
and very high levels of completion; 
a rip-up and reroute pass routes any 
remaining connections and, in case 
of collision, rips up and reroutes the 
previously routed tracks and vias; 
and a rip-up and smooth pass rips 
up and reroutes connections with 
the goal of reducing track length 
and via count. The costing structure 
is user definable and allows you to 
assign different cost factors for each 
pass. The program can work with 
either through-hole or surface- 
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mount technologies and incorpo- 
rates a separate plot/print utility. 
To run the program, you'll need an 
IBM PC, PS/2, or compatible that 
runs under PC-DOS 2.0 or a later 
version and that has 640k bytes of 
RAM, a color-graphics adapter, and 
two floppy-disk drives (a hard-disk 
drive is preferable). $995. 

Protel Technology Inc, 50 Air- 
port Pkwy, San Jose, CA 95110. 
Phone (408) 487-7771. FAX 408- 
437-4913. 
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ADA TOOL SET 


® Includes a language-sensitive 
editor 

@ Provides interactive cross-refer- 
encing 

TeleAres is an integrated set of 

tools for the detailed-design, devel- 

opment, and test stages of Ada soft- 

ware created with the aid of the 


Pro 


C 


TeleGen2 Ada compilation system. 
Written entirely in Ada, the tool 
set includes an EMACS-like Ada- 
sensitive editor; a graphical system- 
display and -browsing facility; and 
facilities for arbitrating changes to 
shared code. The editor processes 
source-code and provides syntax 
checking, interactive cross-refer- 
encing, error feedback, “pretty 
print” formatting, and hierarchical 
text presentation. A key-binding 
feature lets you assign editing com- 
mands and other command strings 
to individual keys. The browsing 
feature lets you view program 
units, import relationships, depend- 
encies, and other important data. 
Configuration and baselining fea- 
tures allow you to check out and 
check in shared compilation units, 
and thus act as a librarian to arbi- 
trate changes to shared code. Other 
features, such as macros, command 
history, window management, and 


= Sealed to eliminate the intrusion of flux 


during cleaning processes 
_ ™ O-Ring actuator seal, epoxy terminal seal and 


tape DIP seal 


= Withstands vapor phase and infrared reflow 


soldering temperatures 


Call or write for literature and a free sample 


Process Compatible 
Switches : 


@ Toggle @ Rocker ® Pushbutton @ DIP 


on-line help, all use the inherent da 
tabase facilities of the TeleGen: 
Ada Library to accumulate exten. 
sive information about the applica. 
tion you’re developing and make it 
easier for members of a program- 
ming team to maintain accuracy and 
consistency throughout all phases 
for the development cycle. From 
$4500 for Sun-3 or VAX/VMS com- 
puters. 

TeleSoft AB, 5959 Cornerstone 
Ct W, San Diego, CA 92121. Phone 
(619) 457-2700. TLX 855300. FAX 
619-452-1334. 

Circle No 354 


ADA FOR PCs 


®@ Validated under ACVC 1.10 

@ Incorporates a complete Chapter 
13 rmplementation 

AdaVantage version 3.0 provides a 

complete Ada development system 

for IBM PCs, PS/2s, and compa- 


(617) 964-6400 ® a 
FAX (617) 527-3062. & C&K Components, Inc. , 
| 15 Riverdale Avenue 
Newton, MA 02158 
The Primary Source Worldwide®.. 
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THIRD-GENERATION INTERACTIVE 
CIRCUIT ANALYSIS. MORE POWER. 
MORE $ LESS WORK. 


MICRO-CAP III,” the third generation 
of the top selling IBM® PC-based interac- 
tive CAE tool, adds even more accuracy, 
speed, and simplicity to circuit design and 
simulation. 

The program’s window-based opera- 
tion and schematic editor make circuit 
creation a breeze. And super-fast SPICE- 
like routines mean quick AC, DC, Fourier 
and transient analysis — right from 
schematics. You can combine simulations 
of digital and analog circuits via integrated 
switch models and macros. And, using 
stepped component values, rapidly gener- 
ate multiple plots to fine-tune your circuits. 

We've added routines for noise, impe- 
dance and conductance — even Monte 
Carlo routines for statistical analysis of 
production yield. Plus algebraic formula 
parsers for plotting almost any desired 
function. 
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Monte Carlo analysis 


CIRCLE NO 99 


Modeling power leaps upward as 
well, to Gummel-Poon BJT and Level 3 
MOS — supported, of course, by a built-in 
Parameter Estimation Program and 
extended standard parts library. 

There's support for Hercules® CGA, 
MCGA, EGA and VGA displays. Output for 
laser plotters and printers. And a lot more. 

The cost? Just $1495. Evaluation ver- 
sions are only $150. 

Naturally, you'll want to call or write for 
a free brochure and demo disk. 


iii iii. iii rs os 
—S ay Lez ry 


1021 S. Wolfe Road, 
Sunnyvale, CA 94086 


(408) 738-4387 


MICRO-CAP III is a registered trademark of Spectrum Software. 
Hercules is a registered trademark of Hercules Computer Technology. 
IBM is a registered trademark of International Business Machines, Inc. 
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tibles. The package includes an Ada 
compiler, a source-level debugger, 
an Ada Developer Interface, a DOS 
environment library, and a utility 
library. This new version has been 
validated under ACVC 1.10, and in- 
corporates a complete Chapter 13 
implementation, including repre- 
sentation specifications for variant 


or discriminant records, task-inter- 
rupt entries, and length clauses 
that include size specifications and 
access-type storage collections. 
This version allows you to compile 
generic specifications and bodies 
separately to improve the handling 
of complex generics; provides im- 
proved interface support for Intel 


tanley puts your equipment 


STANLEY’s advanced manufacturing 
and design technologies result in bright, 
distinctive, LEDs that allows your 
equipment to stand out from the rest. 
Our comprehensive product line 
includes the following fine examples: 
@Super bright LED light bar modules 
for straight, vivid lines 

@Super bright LED light surface 
modules for mask patterns 

@Seven segment displays for dynamic 
and low-electric current drives 
@Alpha-numeric displays for numbers 
and letters 


~~ @ Dot matrix displays for graphics 


STANLEY ELECTRIC CO.,LTD. 
Electronic Equipment Export Section 

2-9-13 Nakameguro, Meguro-ku, Tokyo 153, Japan 
Tel:81-3-710-2557 Telex:2466623 SECTOK J Fax:81-3-792-0007 


| | Stanley Co., 


@ Chip type LEDs for ultracompact, 
high-c ensity mounting 

@LOD series for signboard application 
@\nfrared LEDs for ultra high power 


ORTO 
ELECTRONICS 


Inc. 


1500 Hill-Brady Rd, Battle Creek, Michigan 49015 U.S.A. 
Tel: 1-616-964-7777 Fax:1-616-965-5555 


STANLEY-IDESS S.A. 


33 Rue des Peupliers 92000 Nanterre, France 
Tel:33-1-4781-8585 Fax:33-1-4786-0916 


Stanley Electric LED/LCD Agents Overseas 


@CANADA/DESKIN SALES Tel: 1-416-475-1412 Telex: 


06-96-6559 Fax: 1-416-474-9105 @U.S.AJAC. INTERFACE, INC. Tel: 1-714-858-1866 Fax: 1-714-858-1073 EUROPE: @BENELUX/ 


LOHUIS LAMPEN BV. 


(Netherlands) Tel:31-1606-2651 Telex:54145 Fax:31-1606-3175 @FINLAND/TELETEKNO OY 


Tel:358-0-717566 Telex:12-2124 Fax:358-0-7014878 @FRANCE/A. JAHNICHEN&CIE Tel:33-1-4780-6001 Telex:29-0714 


Fax:33-1-4786-1601 @FRGERMANY/ELITE ELEKTRONIK UND LICHT GmbH&Co. KG Tel:49-8094-18151 Telex:527353 
Fax:49-8094-18153 @SWEDEN/BETOMA AB Tel: 46-8-734-8200 Telex: 11-181 Fax:46-8-83-2820 @®SWITZERLAND/DEWALD AG 
Tel:41-1-482-7711 Telex:81-5200 Fax:41-1-482-5323 @UNITED KINGDOM/STC MERCATOR Tel:44-493-844911 Telex:97-5441 


Fax:44-493-852443 ®DENMARK/PLEASE CONTACT DELCO A/S Tel:45-2-277733 Fax:45-2-277770 
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assembly-language programs anc 
enhanced runtime compatibility fo. 
Microsoft C programs; and allows 
the use of unsigned integers. To use 
the package, you'll need 640k bytes 
of RAM and a hard disk. Profes- 
sional Developer Kit, $1780; Devel- 
oper Kit, $1095. 

Meridian Software Systems Inc, 
23141 Verdugo Dr, Suite 105, 
Laguna Hills, CA 92653. Phone 
(714) 380-9800. 
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Ruter Worksheet 


DSP ANALYSIS TOOL 


@ Acts like a spreadsheet for wave- 
forms and graphs 
® Can display as many as 64 sepa- 
rate windows 
Dadisp is a graphical, post-acquisi- 
tion program for data analysis and 
digital signal processing. You can 
display as many as 64 separate win- 
dows, each representing a wave- 
form previously imported into 
Dadisp; if you enter a formula into 
the window, the display shows the 
result of processing the waveform 
by that formula. If your waveform 
is too large for system memory, the 
program automatically pages the 
waveform to and from your disk 
during most calculations. You can 
apply more than 200 analysis rou- 
tines to any waveform; the routines 
include signal arithmetic, signal 
calculus, waveform generation, 
Fourier analysis, frequency-domain 
analysis, correlations, and statisti- 
cal routines. The program can also 
handle complex numbers and engi- 
neering-unit conversions. The new 
version of the program, which runs 
on IBM PCs, PS/2s, and compa- 
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a ® 
Subminiature 
Electrolytic Capacitors 


ic ic it 


Proven Reliability 
.. 100% Burn-in Tested 


e 0.1 Mfd. to 15,000 Mfd. 
¢ 6.3 WVDC to 100 WVDC 
¢ —40°C to +85°C min. 
¢ +20% Standard 
+10%, —10, +30% Opt. 
¢ <0.006 CV or 2.,A min. 
¢ Solvent Tolerant Seal Std. 
e Tape & Reel Available 


® 


| TECH TIPS 


Type CKR Subminiature radial lead 
aluminum electrolytic capacitors are 
the up-to-date choice for industrial and 
commercial designs requiring continuous 
duty performance in a smaller case. 
Featuring new high gain etched foil, 
type CKR provides greater CV per case 
size category. The extended endurance 
rating of 2000 hrs. at +85°C offers the 
user significant product life extension. 
Leakage current of <0.006 CV or 2uA 
min. is comparable to many competitive 
“low” leakage capacitors. The use of 
modern materials and fabrication 
technology combine together to produce 
type CKR at a cost competitive affordable 
price. Type CKR is widely used in 
original designs and for industrial 
replacement applications. Perfect as a 
filter or coupling capacitor, type CKR 
finds application in a wide range of 
products including avionics, computers, 
entertainment, telecommunications, 
instrumentation, telemetry, etc. Type 
CKR is the standard for top quality 
performance at an affordable price. 


©1988 ILLINOIS CAPACITOR, INC. 


The Source for Quality, 
revolinanee and Delivery. 


j ILLINOIS CAPACITOR, INC. 


3757 W. Touhy Avenue W. Touhy Avenue 
Lincolnwood, IL 60645 


(312) 675-1760 
FAX (312) 673-2850 
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tibles, can now control laboratory 
instruments via an IEEE-488 bus, 
and it lets you build menus that 
automate the execution of fre- 
quently used but complex command 
sequences. PC version, $1695; 
workstation versions, $6900 to 
$7500, depending on the host con- 
figuration. 

DSP Development Corp, 1 Ken- 
dall Sq, Cambridge, MA 02139. 
Phone (617) 577-1133. FAX 617- 
494-1394, 
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BOARD-DESIGN TOOL 


® Contains new libraries of parts 
and simulation models 
® Creates custom drivers for 93 

EGA and VGA compatibles 
OrCAD/SDT III version 3.21 is a 
schematic-capture tool that’s been 
enhanced by many new features. 
New libraries of Altera, Intel, and 
generic PLDs raise the total num- 
ber of parts in the vendor’s libraries 
to more than 6200. The tool can also 
use other libraries from third-party 
vendors. There is a library of simu- 
lation primitives for use with the 
vendor’s OrCAD/VST 1.20 logic 
simulator. A new utility can create 
custom drivers for as many as 93 
different EGA- and VGA-compat- 
ible monitors. In addition, the pack- 
age provides three new video- 
display drivers for monitors that 
have 1024 x 788-pixel resolution. 
The field-stuffing utility, which 
puts information from a text file 
onto the schematic, now includes a 
new feature that generates an ac- 
tivity report. An enhancement to 
the graphical library editor retains 
the identification of the source li- 
brary from which you originally ob- 
tained a given part. $495. Regis- 
tered users of previous versions 
that are still under warranty can 
upgrade at no charge. 

OrCAD Systems Corp, 1049 SW 
Baseline St, Suite 500, Hillsboro, 
OR 97123. Phone (508) 640-9488. 
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SUNRISE ELECTRONICS, INC. 


A WHOLE NEW WAY TO 
PROGRAM EPROMs, 
PLDs, and MCUs 


In-circuit Programming lets you 
program your EPROMs after they have 
been installed in your circuit card. It is 
the most efficient and most reliable way 
to program. It simplifies your 
manufacturing process and reduces your 
documentation. It also eliminates sockets, 
labeling and insertion related failures. 

Our programmers can program 
multiple data files into different cards 
simultaneously. In addition we test the 
cards automatically after they are 
programmed. 

Best of all, we do all the work for you. 
Sunrise in-circuit programmers can be 
delivered as complete turnkey systems, 
or you can develop your own interface 
using the built-in self guided menu driven 
software. 


T-8000 HIGH VOLUME 
IN-CIRCUIT PROGRAMMER 


@ Program 48 or more cards at a time 

@ 40 MB hard disk, dual floppy drives 

@ 660 Watts of programming power 

@ MS-DOS compatible 

, T6000 _ 

BRIEF CASE 

PORTABLE 

| IN-CIRCUIT 

| = PROGRAN- 
= BA. MER 


Soe 


@ Optional lift out UV board size eraser 

@ Program several boards in one pass 

@ 3.5 inch, 1.2 MB floppy 

@ Rugged, shock mounted case, water 
tight 


T-5000 TRANSPORTABLE 
MS-DOS BASED IN-CIRCUIT 
PROGRAMMER 

@ Program several boards in one pass 


@ 20 MB hard disk, 3.5 inch floppy 
@ Rugged, shock mounted construction 


T-4000 LOW COST 
IN-CIRCUIT PROGRAMMER 


@ Customer supplies iBM AT or 
compatible 

@ Program whole circuit cards in one 
pass 

@ Supplied turnkey or develop your own 
interface using built-in self guided, 

menu driven software 


AMERICAS BEST PROGRAMMERS 


See our complete line of Universal 
and Gang programmers 


SUNRISE ELECTRONICS, INC. 
524 S. Vermont Ave., Glendora, CA 91740 


(818) 914-1926 


FAX (818) 914-1583 
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ae Com lete coverage of the new 
_ [EEE-488.2 standard. ae 


 +JEEE-488 


_ General Purpose 
oo Instrumentation — 


Bus Manual 


alba ehh CARISITI See fon 


installations, this essential guide coward, 
_. GPIB addressing and communications, 
- complete GPIB protocols and hardware 
(including the new IEEE-488.2 standard 
_ which has solved many of the user prob-. 
lems plaguing the GPIB in the past), pro- 
- gramming requirements, and incrensing : 
- systems performance. > ee 
May 1989, 256 pages, $42. 50 


ISBN: oe 12-1 choi 


; Practical Applications 
Circuits Hangnoan: 


ANNE FISCHER LENT Gh ee 
AND STAN MIASTKOWSKI 


Increase your design effectiveness with 
this collection of the latest applications: 
circuits taken from recent data sheets, 
applications notes, and magazines. Each 
circuit is reproduced in its original form, 
complete with all parts values, operating 
details, construction tips, and other es- 


sential data. 


August 1989, 368 pages, $39.95 


ISBN: 0-12-443775-3 


Academic Press Professional and Technical Books are availab 


ASSOCIATED STUDENTS 
BOOKSTORE 


University of Arizona 
Tucson, AZ 85722 
(602) 621-2811 


CODY’S BOOKS, INC. 
2454 Telegraph Ave. 
Berkeley, CA 94704 
(415) 845-7852 


UNIVERSITY BOOKSTORE 
University of California 


~~ Irvine, CA 92717 


(714) 856-7887 


UNIVERSITY 
- BOOKSTORE/Q008 


University of California, 
San Diego 
La Jolla, CA 92093 


(619) 534-3149 


ASUCLA STUDENT STORE 
308 Westwood Plaza 

Los Angeles, CA 90024 
(213) 206-0763 


TECHNICAL 

BOOK COMPANY 

2056 Westwood Blvd. 
Los Angeles, CA 90025 
(213) 475-5711 


OPAMP 

TECHNICAL BOOKS 
1033 N. Sycamore Ave. 
Los Angeles, CA 90038 
(213) 64-4322 


. ‘packet data transmission, 
handling and transfers. Nu 
grams and examples illustra 


id concepts. 


Au ugust 1989, 152 pages, © g 
ISBN: 0-12-324970-8 


UNIVERSITY OF 
SOUTHERN CALIFORNIA 
BOOKSTORE 

840 W. Chis Way 

Los Angeles, CA 


90089-2540 
(213) 743-2665 
STACEY’S 

219 University Ave. 


Palo Alto, CA 94301 
(415) 326-0681 


STANFORD BOOKSTORE 
135 University Ave. 
Palo Alto, CA 94301 
(415) 327-3680 


| (619) 5 


ee thn oat contact geometry. -utiliz = 
1g both sides of a substrate...CAD tools for 


SMT. You'll also see how design eff 


interrelate with purchasing, assem 
test functions to produce a manufactur 


SMT board. 


la-. | October 1989, 320 pages, $42.95 
| ISBN: 0-12-697400-4 


: Circuits "Applicatic ons 


| ROBERT J. TRAISTER 


| Here is a complete, one-stop reference for — 


| applications circuits using linear ICs. You'll 
- find circuits for active filters...floppy disk — 


eee read/write systems..function generators _ 
| ..modems...video amplifiers and modula- 


May 1989, 158 pages, : 35. 
ISBN: 0-12-697405-5 


CALIFORNIA INSTITUTE 
OF TECHNOLOGY 


Mail Code 1-51 
Pasadena, CA 91125 
ae 356-6161. 


SAN DIEGO 
TECHNICAL BOOKS 
8290 Vickers, Suite B 
San Diego, CA 92111 
1-800-346-0071 


AZTEC SHOPS’ LTD. 


San Diego State wi a 


San ea: as ge ee 


STACEY’S 

581 Market Street 

San Francisco, CA 94105 
(415) 421-4687 


2 tors.. .and more. Each circuit is complete — 
ihe with original, unaltered schematic dia jta 


STANFORD BOOKSTORE 


 - §tanford, CA 94305 
_ (415) 329-1217 


- AURARIA BOOK CENTER 


955 Lawrence Street 

Denver, CO 80204 

{303) 556-3230 

REITERS SCIENTIFIC AND 

PROFESSIONAL BOOKS 

2021 K Street, NW 
Washington, DC 20006 

(202) 463- 0713 


KROCH’S & BRENTANO’S 
29 South Wabash Avenue 


KROCH’S & BRE 


KRoc’s & BRE ‘'S* 
J-408 Woodfield Mall. 
Schaumburg, IL 60173 - 

(312) 884- 888 ‘ 


FOLLETT’S PURDUE. 
OKSTORE 


(317) 43-9642 
THE BOOKMARK INC. 
4643 W. 95th: 


Protessionst and Technion Series 


NEW PRODUCTS 


DUAL OP AMP 


© Needs only 20 pA per channel 

@ Features rail-to-rail operation 

Characterized for a 5V single sup- 
ply or a +2.5V dual supply, the 
ALD-2706 dual op amp is suitable 
for use with supply voltages from 
2 to 12V and +1 to +6V. With a 
5V supply, the typical operating 
current is only 20 pA per amplifier. 
Each amplifier can operate with 
rail-to-rail input and output volt- 
ages. This feature provides flexibil- 
ity in input signal bias levels, which 
is important for low-voltage appli- 
cations and critical for supply volt- 
ages at or below 2V. A typical am- 
plifier can process a 0.9V analog sig- 
nal with just a 1V supply. Each out- 
put stage can drive a 50-pF and 20- 
kQ, load. The op amp also features 
an open-loop gain of 100V/mV, a 


INTEGRATED CIRCUITS 


LOW VOLTAGE INSTRUMENTATION AMPLIFIER 


O.ipF 


\ gp fosan @ POKNE 
> ant aS mV eV gy £46 oe 


gain-bandwidth product of 300 kHz, 
and a slew rate of 0.17V/psec. 
Three offset-voltage grades of 2, 5, 
and 10 mV are available. In a plastic 
DIP, $3.84 (100). 


m Vout 


eM 
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Advanced Linear Devices, 1180F 
Miraloma Way, Sunnyvale, CA 
94086. Phone (408) 720-8737. FAX 
408-720-8297. 
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T/H AMPLIFIER 
@ Features 16-bit accuracy 

e Has internal hold capacitor 

The AD386 is a true 16-bit track 
and hold (T/H) amplifier that fea- 
tures 0.00076% linearity over 
the extended industrial-tempera- 
ture range of —40 to +85°C. The 
AD886, which contains an internal 
hold capacitor, acquires signals 
within its 20V span in 3.6 psec typ. 
Other important specs include an 
aperture uncertainty (jitter) of only 
40 psec and a 2-MHz bandwidth. 


194 


Unlike many T/H amplifiers, the 
AD886 contains an uncommitted, 
unity-gain differential amplifier. 
This amplifier reduces common- 
mode errors caused by ground-po- 
tential differences; it also provides 
a convenient way to reverse the po- 
larity of the analog signal. 24-pin, 
double-width ceramic DIP, from 
$79. 

Analog Devices, Literature Cen- 
ter, 70 Shawmut Rd, Canton, MA 
02021. Phone (508) 658-9400. 
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MAG-AMP CONTROLLER 


@ Provides a 100-mA reset current 
® Controls current from 2 to 20A 

The UC3838A contains circuitry to 
generate and amplify an analog er- 
ror signal. In addition, a high-volt- 
age current source provides a reset 
current as high as 100 mA to enable 
a magnetic amplifier to regulate and 
control the output of a 2 to 20A 
power supply. By controlling the 
reset current to a magnetic ampli- 


the UC3838A defines the 


fier, 
amount of volt-seconds the ampli- 
fier blocks before switching to the 


conducting state. Using the 
UC3838A, only the magnetic ampli- 
fier coil, three diodes, and an output 
LC filter are needed to implement 
a complete closed-loop regulator. 
The UC3838A includes a precision 
2.5V reference, two uncommitted 
high-gain op amps, and a high-gain 
pnp-equivalent current source. 16- 
pin DIP, from $1.90 (1000). 
Unitrode Integrated Circuits 
Corp, 7 Continental Blvd, Merri- 
mack, NH 03054. Phone (603) 424- 
2410. 
Circle No 377 
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SUPER FAST 
SRAMS, 
PRODUCTION 
PROVEN. 


it) Available Now! 256K 25ns 
\ 64K 15ns/16K 15ns 


5C2561 256K X 1 PDIP. CDIP SOJ, LCC 
duct 5C2564 64K X 4 PDIP CDIP, SOJ, LCC 
oat Miron | PDIP, CDIP SO} LCC_| 
At Micron Technology, we’ve applied ' 5C2565 64K X 4 OE PDI CDIF SO}, LEC 
the same state-of-the-art design and process 5C2568 32K X8 PDIP CDIP. SOJ, LCC 
technology used for our high quality DRAMs in 
development of our Fast Static RAMs. The result — 56401 64K X 1 PDIP, CDIP, SOJ 
an incredible 25ns 256K and 15ns 64K and 16K, plus BC6AA 16K X4 PDIP CDIP SOJ 
a full line of other super fast parts. And we’re not = 
just sampling product, we've been shipping 5C6405 16K X 4 OE PDIP, CDIF, SOJ 
eo Oe Oe . 5C6406/7 | 16K X4S.1/0 PDIP, CDIP SOJ 
A wide variety of packages, densities and 
organizations are offered to meet all your application 5C6408 8K X 8 PDIP, CDIP SOJ, LCC 
needs. And like all Micron memory products, our | WeKX1 PDIRCDIP SC} 
Fast SRAMs are backed by the type 5C1601 16K X 1 PDIF, CDIF, SOJ 
of strong sales, customer service 9S 5C1604 4K X 4 PDIP CDIP SOJ 
eee PDIP CDI SO} 
you on the leading edge. 5C1605 4K X 4 OE PDIF, CDIF, SOJ 
So get the Super Fast 5C1606/7. | 4K X4S1/0 PDIP CDIP SO} 
5C1608 2K X 8 PDIP, CDIP. SOJ 


SRAMs you need now by calling 
Micron. Working to improve your memory. dala ainda Ral cad 


us at 1-208-386-3900. 
TECHNOLOGY, INC. 


2805 E. Columbia Road, Boise, Idaho 83706 208-386-3900 
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When you work at the ° 
leading edge of technology, 

you need components that are 
production proven — not still 
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FERROELECTRIC IC 


@ Features 1-year data retention 

® Compatible with 74HCT logic 
Compatible with industry-standard 
T4HCT logic, the K74C F372 is an 
8-bit, flip-flop logic IC that saves 
its states in nonvolatile memory. 
The IC stores data provided to its 
inputs on every positive clock tran- 
sition and recalls stored data to its 
outputs when the recall signal is 
given after repowering the system. 
The K74CF872 features data reten- 
tion of more than 1 year between 
uses after 10" data changes. It also 
features a 300-kHz access rate for 
fast parameter storage. Fabricated 
in low-power CMOS, the device 
needs <1 mA of current in the ac- 
tive state. 20-pin ceramic DIP, 
$8.50 (100). 

Krysalis Corp, 1185 Kern Ave, 
Sunnyvale, CA 94086. Phone (408) 
749-7390. FAX 408-749-7390. 

Circle No 378 


MULTIPLEXERS 
@ 4- and 8-channel versions 

@ Include fault protection 

The Max368 and Max369 fault-pro- 
tected analog multiplexers come 
with on-chip data latches. The 
latches relieve the »P from supply- 
ing constant addresses to the logic 
inputs. The Max368 has eight sin- 
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gle-ended inputs; the Max869 has 
four differential inputs. Protecting 
the multiplexers, as well as the 
source and output circuitry, is a fea- 
ture that limits leakage current to 
a few nanoamps if power to the mul- 
tiplexers is removed while the input 
voltage is still applied. All channel- 
selection and control inputs are 
compatible with both TTL and 
CMOS logic levels. The multiplex- 
ers work with either a single supply 
of 9 to 22V or dual supplies of + 4.5 
to +18V. Three temperature 


grades are available. 16-pin DIP, 
from $6.36 (1000). 

Maxim Integrated Products, 120 
San Gabriel Dr, Sunnyvale, CA 
94086. Phone (408) 737-7600. 

Circle No 379 


MOTOR DRIVERS 


@ Contain 42V-rated bridge 
@ Current ratings to 4A 
Designed to drive small motors in 
industrial and automotive applica- 
tions, the TLE 4200 series of 
bridge-circuit motor drivers is 
rated at 42V. The ICs include pro- 
tection for short circuits and 
overtemperature conditions. Cur- 
rent ratings are 2, 3, and 4A, re- 
spectively, for the TLE 4202B, 
TLE 4204, and TLE 4203. Using 
logic-level inputs, the drivers can 
control the rotation, acceleration, 
and braking of de motors. The de- 
vices are rated for operation over 
the —40 to +125°C temperature 
range. $2.38 to $3.65 (10,000). 

Siemens Components Inc, Inte- 
grated Circuits Div, 2191 Laurel- 
wood Rd, Santa Clara, CA 95054. 
Phone (408) 980-4598. 

Circle No 380 
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DUAL OP AMP 


© Has low input-offset voltage 

@ Has high open-loop gain 
Available in an 8-pin DIP, the 
RC4277 bipolar dual op amp fea- 
tures high packing density and pre- 
cision performance. Input offset 
voltage is only 30 pV max with Vos 
drift of 0.5 wV/°C max. Open-loop 
gain is a minimum of 2,000,000 into 
a 2000-kQ load, and input bias cur- 
rent is a maximum of +3 nA. Maxi- 
mum power consumption for both 
channels is only 100 mW. Other 
specs include a CMRR and a PSRR 
of 120 dB min. The RC4277 is de- 
signed to replace other amplifiers 
such as the OP200, OP207, LT1001, 
LT1013, OPO7 and OP77. From 
$2.95 (100). 

Raytheon Co, Semiconductor 
Div, 350 Ellis St, Mountain View, 
CA 94043. Phone (415) 968-9211. 

Circle No 381 


CMOS SEMICUSTOM ICs 


® Gate arrays 

@ Standard cells 

The MSM7U000 family of channeled 
gate arrays offers clock rates to 80 
MHz and propagation delays of 460 
psec. The arrays feature gate 
counts from 1632 to 30,384 and I/O 
pins from 60 to 252. All of the ar- 
rays have an output drive capability 
of 48 mA, which permits high-speed 
operation under heavy loads. The 
MSM91U000 series of standard-cell 
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levices features a library of 160 
small-scale and 88 medium-scale 
olocks, 39 hardware macros, and 
most of the 82Cxx-product macros. 
Also available are static RAMs to 
32k bits and ROMs to 128k bits. 
From $2 (10,000). 

Oki Semiconductor, 785 N Mary 
Ave, Sunnyvale, CA 94086. Phone 
(408) 720-1900. FAX 408-720-1918. 

Circle No 382 


STATIC RAM 


® Organized as 8k x8 bits 
@ Available in three speed ratings 
Organized as 8192 words x8 bits, 
the GM76C88_ 65,536-bit CMOS 
static RAM operates from a 5V sup- 
ply and features both low-power 
and high-speed operation. Maxi- 
mum operating current is 80 mA, 
and speed selections of 85, 100, and 
120 nsec are available. In 28-pin 
plastic DIPs, $3 to $4 (100). 
Goldstar Technology Inc, 1130 
E Arques Ave, Sunnyvale, CA 
94086. Phone (408) 737-8575. 
Circle No 383 


CACHE CONTROLLER 


© Supports Intel 80386 CPU 

®@ Works at 20-, 25-, and 33-MHz 
The MDS-C395e 32-bit cache con- 
troller supports 32k, 64k, 128k, and 
256k bytes of cache memory. De- 
signed for use with Intel’s 80386 
CPU, the C395e works with 20-, 
25-, and 33-MHz systems. The con- 
troller supports 4-way, set-associa- 
tive configurations as well as direct- 
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mapped and 2-way, set-asscociative 
configurations. The C395e_ offers 


copyback, write-through, and 
posted writes for maintaining main- 
memory coherency with the cache. 
The copyback scheme frees up sys- 
tem bus bandwidth for other tasks 
such as DMA. To interface with the 
80386, the C395e requires only four 
8-bit data transceivers for external 
logic. 164-lead flatpack, $174 (100). 
Matra Design Semiconductor, 
2895 Northwestern Pkwy, Santa 
Clara, CA 95051. Phone (408) 986- 

9000. FAX 408-748-1038. 
Circle No 384 


1M-BIT ROMs 


@ Have speeds of 150 and 200 nsec 
@ Have user-definable control pins 
Featuring response times of 150 
and 200 nsec, the 28-pin 631000 and 
32-pin 631001 ROMs have 1M-bit 
storage capacities. The devices, 
which operate from a 5V supply, 
provide flexible design options via 
four user-definable control pins. Us- 
ing the 631000 or 681001, system 
designers can link as many as 16 
of the ROMs on a single data bus. 
The ICs are available in tempera- 
ture ranges for commercial, indus- 
trial, and military applications. 
From $5.50 (10,000). 

Gould Inc, Semiconductor Div, 
2300 Buckskin Rd, Pocatello, ID 
83201. Phone (208) 234-6851. 
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SCSI 


Analyzer/ 
Emulator 


> POWERFUL 
> EASY TO USE 
> AFFORDABLE 


Features: 

= 50 ns Time Stamp 

» Sync and Async Tracing 

= 32K Event Trace Memory 
Initiator and Target Emulation 
Custom Routines Programmable In C 
Easily Readable “SCSI English’ Display 


> Display trace memory [in structured format] 
Enter starting addr(Hex): 0 


0001: Arbitration /80 
0003: Select w.ATN /CO 
Message-Out/CO0( Identify) 
Command /12(Inquiry) 00 00 00 30 00 
Data-In /00 00 01 01 29 00 00 00 43 4F 4E 4E 45 52 20 20 
43 70 33 34 30 20 28 34 30 6D 62 20 33 2E 35 29 
2D 30 34 20 42 30 31 33 54 42 20 20 20 20 
Status /00 
Message-In /00 
free 


Arbitration w.ATN /80 

Select w.ATN /CO 
Message-Out/CO( Identify) 
Command /08(Read) 00 00 10 01 00 
Message-In /04(Disconnect) 


free 
Arbitration /40 
Reselect /CO 
Message-In /80( Identify) 
Data-In /00 00 00 00 12 34 56 79 12 34 56 7A 12 34 56 7B 
12 34 56 7C 12 34 56 7D 12 34 56 7E 12 34 56 7F 


> Display trace memory [in BINARY format] 
Enter starting addr(Hex): 0 


: BSY SEL ATN RST MSG I/0 C/D DATA ParErr Exp Time Diff (ns) 
: A. wm ‘ : © Obs 00 0 000 
A. ‘ 
: -) A 


'_ &>PrPPrrrrrrr>-: 
'_ > PrPrrrrr,r: .: : 


>rrrrrr,r>-: 


431 350 


> [415] 363-0667 


1755 E. Bayshore Road, 18A 
Redwood City, CA 94063 


CIRCLE NO 20 197 


NEW PRODUCTS 


COMPONENTS & POWER SUPPLIES 


POWER MODULE 


@ Works directly from a 

telephone line 
© Offers four outputs 
The LPM 1000 power-supply mod- 
ule is designed to interface ISDN 
microelectronics with standard 
phone power sources. Working di- 
rectly from a high-impedance tele- 
phone line, the module accepts in- 
puts of —28 to —78V de and out- 
puts +5V at 150 mA and +11.5V 
at 65 mA. The isolated outputs are 
fully protected against load failure. 
Efficiency equals 75% and rated life 
measures 10 years. The module 
measures 2X1X0.425 in. $31.80 
(1000). 

Lambda Semiconductors, 121 
International Blvd, Corpus Christi, 
TX 78406. Phone (512) 289-0403. 

Circle No 396 


Make your big ideas 


smaller, lighter and brighter. 
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DURACELL’ XL" DL123A Lithium Batteries give you the 
power to think small, improve performance and portability. 


loday’s emphasis on smaller, lighter, more powerful portable devices 
requires a bright idea in battery technology. It’s here. 


Size for size, the DL123A delivers more combined power and energy than 
other consumer replaceable batteries. In fact, for high current applica- 
tions, this compact 3-volt lithium battery delivers up to four times more 
energy than a 1.5-volt AA size battery — even more at low temperatures. 
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DRIVER KIT 


@ Evaluates power drivers 
® Comes with a fully assembled 
evaluation board 

The TSC442X EV kit allows you 
to evaluate MOSFET, CCD, and 
power drivers. It includes a test 
board, data sheets, a number of the 
manufacturer’s power drivers com- 
plete with data sheets, a range of 
capacitors for load simulation, and 
an instruction manual. The power 
drivers include dual-, single-, and 


complementary-output devices. 
The board is fully assembled and 
tested and includes sockets for the 
driver and load connections as well 
as a low-noise connector to interface 
with a scope. You can evaluate 
driver devices from any number of 
vendors so the board can serve as 
an incoming QC fixture. $39. 
Teledyne Semiconductor, 1300 
Terra Bella Ave, Mountain View, 
CA 94039. Phone (415) 968-9241. 
FAX 415-967-1590. TWX 910-379- 
6494. 
Circle No 397 


ROTARY SWITCH 


@ Has a binary-coded output 

@ Features a 25,000-cycle life 

Measuring 0.5 in. in diameter, Se- 
ries 26 binary-coded-output rotary 
switches are rated for 25,000 cycles 
of operation when switching logic- 
level loads. The switches have a 16- 


DURACELL XL Lithium Batteries are engineered for single or multicell 
applications. They’re made in the USA and distributed worldwide under 
the brand name consumers prefer most, DURACELL. 


Find out what Duracell’s latest high power technology 
can do for your bright ideas. Write or call for our 
updated DL123A Performance Portfolio. Or if you 
have an immediate need, contact our OEM battery 


engineers today. 
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position output, but an adjustable 
stop feature allows users to create 
a 10-position BCD output or an 8- 
position octal-code output. Any por- 
tion of the standard binary code can 
be isolated and used as the output 


New Products and 

Technology Division 

OEM Sales and Marketing 
Berkshire Industrial Park 

Bethel, CT 06801 

Toll-free: 1-800-422-9001 ext. 426 
Facsimile: 203-791-3273 


©1989, Duracell Inc. 
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by adjusting the location of the 
stops. As a standard feature, all 
switches come with front-panel 
seals. $6.52 (100). Delivery, four to 
six weeks ARO. . 
Grayhill Inc, Box 103738, La 
Grange, IL 60525. Phone (812) 354- 
1040. FAX (3812) 354-2820. TLX 

6871375. 
Circle No 398 


DC/DC CONVERTER 


@ Available in kit form 
@ Features 27Wiin’ density 
Housed in a package measuring 
3X5x0.5 in., this de/de converter 
accepts 36 to 72V inputs and deliv- 
ers a 5V, 40A output—a power den- 
sity of 27W/in®. Available in assem- 
bled or kit versions, the unit owes 
its small size to the use of planar 
magnetics. The converter switches 
at 300 kHz, has an 80% efficiency 
at full load, and features a total 
regulation of 1%. The converter fea- 
tures short-circuit protection, cur- 
rent-mode PWM control, 50-mV 
output ripple, soft start, no mini- 
mum load requirement, and 500V 
input-to-output isolation. All power 
components are thermally refer- 
enced to one base plate/heat sink. 
This aluminum base plate can be 
conduction or forced-air cooled. 
Converter kits include instructions, 
parts list, schematic, and 
troubleshooting manual. Kit, $250; 
assembled version, $500. Delivery, 
four to six weeks ARO. 

Multisource Technology Corp, 
393 Totten Pond Rd, Waltham, MA 
02154. Phone (617) 890-1787. FAX 
617-890-8011. 

Circle No 399 
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CHIP CAPACITORS 


@ Designed for solder reflow appli- 

cations 
® Capacitance values range to 

100 pF 
The units in the MF, MFK, and 
MVK Series of aluminum electro- 
lytic chip capacitors are designed 
for solder reflow surface-mount ap- 
plications. MF and MF'K models op- 
erate to 85 and 105°C, respectively, 
and are available with case heights 
of 3, 4.1, and 4.6 mm. The tubular 
units in the MVK line are rated for 
105°C operation and have a maxi- 
mum case height of 6 mm. MF and 
MF K devices have a 4 to 50V de 
voltage rating and capacitance val- 
ues of 0.1 to 68 pF and 0.1 to 47 
wk, respectively. MVK modules 
have capacitance values of 0.1 to 
100 pF and voltage ratings of 6.3 
to 50V de. The chips withstand va- 
por phase and infrared soldering op- 
erations. The chips are available on 
tape-and-reel packaging in 12- and 
16-mm widths. $0.08 to $0.12. De- 
livery, stock to 12 weeks ARO. 

United Chemi-Con Inc, 9801 W 
Higgins Rd, Rosemont, IL 60018. 
Phone (312) 696-2000. 

Circle No 400 


SERVO AMPLIFIER 


@ Delivers 25A pk at 75V 

@ Dissipates only 14W 

The Model 215C servoamplifier de- 
velops a +75V at +10A continuous 
4-quadrant output to provide 1 hp 
of motion control. The unit also de- 
velops +75V at +25A pk to accom- 
modate fast stopping, starting, and 


reversing requirements. The ampli- 
fier dissipates only 14W at full load, 
equating to an efficiency of 98%. 
The unit uses a MOSFET power 
bridge to develop its 4-quadrant 
output from a single supply of 25 
to 80V de. An internal de/de con- 
verter provides all the necessary 
amplifier operating voltages. Pro- 
tection circuits provide automatic 
shutdown in response to overcur- 
rent, overvoltage, and excessive 


temperature. The amplifier also re- 
sponds to logic inputs that control 
end of travel, beginning of travel, 
and emergency stop. $459. Deliv- 
ery, stock to six weeks ARO. 
Copley Controls Corp, 375 Elliot 
St, Newton, MA 02164. Phone (617) 
965-2410. TLX 285975. FAX 617- 
965-7315. 
Circle No 401 


DC/DC CONVERTER 


@ Offers a programmable output 
voltage 

e Efficiency ranges to 90% 

In addition to soft start and crow- 
bar load protection, the Gs- 
R400VB de/de converter offers a 
programmable output voltage and 
selectable current limit. With a suit- 
able variable resistor, you can vary 
the output voltage between 5.1 and 
40V for inputs of 9 to 46V, respec- 
tively. Efficiency varies from 75 to 
90% within the same output voltage 
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T36XSeries 0.7-390,5 


Just tell us where in the world you 
ant them delivered, and stand back. 
1ousands of capacitors? Millions? 
|-T scheduling? Count on it. 

And our caps solve problems. Our 
eramic chips resist cracking caused by 
roduction heat and shock. Our three- 
saded tantalums prevent blown cir- 
‘uits — because you just can’t put ‘em 

n wrong. 

More reasons to call? Huge surface- 
mount selection. More MIL-39003 
qualifications than anyone else has. 

Highest reliability in tantalum, plus 
ceramic and film capacitors. KEMET is 
the choice for your commercial and 
military capacitor requirements. 

And for fast delivery. Amazingly fast. 
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Korea, Phone: 82-02-599-8131, FAX: 82-02-533-8089 
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range. You can also program the 
output overcurrent limit by using 
an external resistor whose value is 
determined by the current limit se- 
lected. Minimum output current 
must equal 100 mA for proper con- 
verter operation. Oscillator and 
synchronization pins allow you to 
operate the modules in tandem 
without generating beat frequen- 
cies. $25 (100). 

SGS Thomson Microelectron- 
ics, 1000 E Bell Rd, Phoenix, AZ 
85022. Phone (602) 867-6100. FAX 
602-867-6290. 

Circle No 402 


EXPERIMENTER KITS 


® Cover a variety of subjects 

@ Include all hardware 

These kits are designed to provide 
hands-on experience and the latest 
theory on fiber-optic communica- 
tions links. Topics covered include 
light pipes; multitone modulation of 
digital transmission; AM fiber-optic 


receivers; fiber-optic light-open- 
cable, single, or bidirectional com- 
munications; and digital data links. 
The kits include all necessary hard- 
ware such as emitters, detectors, 
and electronics; and simplex and du- 
plex cables and connectors. All kits 
contain easy-to-follow instructions 
and illustrated manuals. $19.95 to 
$94.95. 
Sintec Co, Box 410, Frenchtown, 
NJ 08825. Phone (201) 996-4093. 
Circle No 403 
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LED LAMPS 


@ Designed for outdoor applica- 
tions 
@ Feature a 410-mcd luminous 
ntensity 
Suitable for use in outdoor applica- 
tions, the AND180PGP high-inten- 
sity lamp features a T1-4 green 
LED in a water-clear plastic pack- 
age. A drive current of 20 mA pro- 
duces a typical luminous intensity 
of 410 mcd. Peak wavelength equals 
567 nm, and maximum power dissi- 
pation is 120 mW. Although the 
lamp is primarily aimed at outdoor 
applications involving message indi- 
cators, you can also use the 180PGP 
to backlight display panels and 
panel-mounted switches. $0.85 
(1000). 

AND, Box 4188, Burlingame, CA 
94011. Phone (415) 347-9916. FAX 
415-340-1670. TLX 6771439. 

Circle No 404 


DIP SOCKETS 


@ Available with self-retaining sol- 
der tails 

e Offer from 8 to 48 contact posi- 
tions 

SDL Series DIP sockets feature 

dual-leaf side-wiping contacts to 

minimize contact resistance, and 


overstress protection to prevent 
contact damage. Offering a choice 
of standard or self-retaining solder 
tails, the sockets are available in 
sizes ranging from 8 to 48 contact 
positions. Rated for 1A and 250V 
ac, the sockets feature black polyes- 
ter insulators that have a 94V-0 UL 
rating; the phosphor bronze con- 
tacts are plated with 150 pin. of tin 
over 75 win. of nickel. The sockets 
meet the material requirements of 
Table 23.1 of the UL 1410 standard 
for TV receivers and video equip- 
ment.  $0.006/contact position 
(1000). 

Circuit Assembly Corp, 18 Tho- 
mas St, Irvine, CA 92718. Phone 
(714) 855-7887. FAX 714-855-4298. 

Circle No 405 


TEST FIXTURE 


@ EKases chip-capacitor 

measurements 
@ Designed to ease chip placement 
The CCT-100 test fixture is a bench 
tool that’s designed to measure rec- 
tangular chip capacitors. The de- 
sign features a_ spring-loaded 
mechanism that holds the chips and 
ensures a positive contact. An en- 
closed phenolic cavity eases chip 
placement. The fixture features 
nickel-plated contacts and holds ca- 
pacitors with widths ranging from 
0.01 to 0.375 in. A battery nut al- 
lows you to make the required 
width adjustments. The CCT-100 
plugs into the standard 0.075-in. ba- 
nana jack of a handheld capacitance 
meter; you can zero out fixture ca- 
pacitance using the meter. $79.95. 

Lark Engineering Co, 27151 
Calle Delgardo, San Juan Capis- 
trano, CA 92675. Phone (714) 240- 
1238. FAX 714-240-7910. 

Circle No 406 
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Specify P&B for dry circuit to 30A 
load switching on your P.C. board. 


Potter & Brumfield’s expanded line of printed circuit or sealed relay. The T91 is available with a DC coil, 
board relays provides the features you need — and it’s offered with quick connect terminals for load 
whether you're switching dry circuits or 30A loads. connections. An AC coil T91 will be available soon. 


New products, traditional P&B quality and unbeatable 
service combine to help solve your toughest relay 
design-in problems in telecommunications, appliance, 
industrial control and other applications. 


The growing line of P&B low-signal relays features 
units with single or multiple contacts to provide 
dependable switching of 2A and under loads. Both 
polarized and non-polarized units are offered in 
New T73 and T74 series miniature P.C. board relays various coil sensitivities. Included are immersion 
join the T70 series as Potter & Brumfield’s low-cost cleanable DIP and SIP types. 

SPDT units for general purpose applications. Various 
contact materials permit these immersion cleanable 
relays to switch from 1 mA through 10A. Sensitive 
coil models are available. 


Many models are available off-the-shelf from your 
authorized P&B distributor. Of course, distributor 
Stock is backed by Potter & Brumfield’s extensive 
factory inventory. 

Extensions to the line of RK series relays feature 
8mm coil-to-contact spacing for 4,000V isolation. 
SPDT models switch loads to 20A, while DPDT 
models switch up to 5A. Both sealed and unsealed 
types are now offered with either AC or DC coils. 


Contact us today for information on our complete line 
of P.C. board relays. Potter & Brumfield, A Siemens 
Company, 200 S. Richland Creek Drive, Princeton, 
Indiana 47671-0001. | 


Call toll-free 1-800-255-2550 for the P&B authorized 


T90/T91 series relays have SPDT contacts for loads distributor, sales representative or regional sales office 
to 830A. The DC coil T90 is offered as an open-style serving your area. 

8905 
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ENCODERS 
EN-ROUTE 
TO SUIT. 


CLAROSIAT’s competitively-priced mechanical and optical encoders are compact, 
Sturdy and reliable. They’re ideal for limited-space, panel-mount applications. 

The industry's smallest mechanical encoder is our 0.5 inch square model that outputs 
2 bit gray code and can be combined with other modular switches with push-push, 
push-pull, or momentary actions. 

Our optical encoders include 1.0 inch and 0.5 inch sizes, output two square waves 
and have rotational lives in the millions. 

We have the encoders that best suit your needs in WHY WAIT? 


stock and ready to ship. For complete details call or 
LHAWKER]_| 


write Brian Ward, Product Manager at CLAROSTAT, " 


One Washington Street, PO. Box 1507, Dover, NH 
03820-1507. Telephone (603) 742-1120. TLX VIA MCI 
671 3344. Fax (603) 742-0481. To Order Call Toll-Free 
1-800-872-0042. 
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DID YOU KNOW? 


EDN is distributed 


at every major 
electronics/computer show in the 
U.S., France, and Germany. 


EIDIN 
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COMPONENTS & 
POWER SUPPLIES 


MODULATORS 


@ Have a 5:1 frequency range 
@ Operate over a —55 to + 100°C 
range 
The design of these quadrature 
PSK modulators combines ferrites 
with coupled-line techniques to 
achieve multi-octave performance. 
The PMQPW-150 covers a range of 
30 to 150 MHz, and the PMQPW- 
250 operates over a 50- to 250-MHz 
range. Each has an amplitude im- 
balance of <0.4 dB and a phase im- 
balance of <3°. Over an operating 
range of —55 to +100°C, changes 
in insertion loss, phase imbalance, 
and amplitude imbalance equal +1 
dB, +1°, and 0.3 dB, respectively. 
Both models meet MIL-M-28837 re- 
quirements and are hermetically 
sealed. $172.95. 

Mini Circuits Laboratory, 2625 
E 14th St, Brooklyn, NY 11235. 
Phone (718) 934-4500. 
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PHOTOSENSOR 


@ Features electronically 

isolated output 
® Sensing capability ranges to 17 ft 
The Decout (decoupled output) pho- 
toelectric sensor features an output 
that is electronically isolated from 
both the supply and the detector 
circuits. The unit is available in re- 
flective, direct reflective, through- 
beam, and fiber-optic models with 
sensing ranges from 5 mm to 17 ft. 
The optical lenses are molded as a 
single piece that accommodates an 
infrared filter. The output is a solid- 
state switch that can supply a load 
of 100 mA. By inverting the supply 
voltage connections, you can 
achieve four output configura- 
tions—npn NO or NC, and pnp NO 
or NC. The unit is hermetically 
sealed to withstand harsh environ- 
ments. From $48.50. 

FSI International Inc, 666 
Western Ave, Lombard, IL 60148. 
Phone (812) 932-8866. 
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Varta’s new VR rechargeables 
permit improved charging rates: 
both trickle and overcharge. This pro- 
vides new benefits: the opportunity to 
reduce costs by simplifying circuitry, 
and enhanced overcharge protection. 
Cost reduction of circuitry: Until now, 
typical NiCd button-cell charging circuits have hac 
two steps...charge at 0.1 CA (14-16 hours) and trickle 
charge at 0.01 CA (100 hours) while delivering a 5-to- 
6 year life. The new VR’s can be used in this two-step 
circuitry. However, you can simplify your charging 
circuitry to one step, and reduce costs accordingly, by 
designing to both charge and trickle charge at .05 CA 
Conly 25 hours from full discharge to full charge). The 
VR's will still provide 5-to-6 year life. 


VARTA Mémgae) S 
2.49 180 mAh 
S3078 702 G2 


Improved overcharge protection. 
To handle user abuse or unusual con- 
ditions, the new VkR’s can be charged 

periodically at up to 0.2 CA (7-hour 
rate), while providing a useful life of up 
tosix years. They can even be overcharged 

at 0.2 CA (room temp.) for one whole year. 
: VR cells are dimensionally the same size as the 

DK cells they reolace. Initial capacities (mAh) iis 
phased in are 60, 100, 170 and 280 (re- 
placing the 950). Available in a wide 
variety of Varta battery packs and con- 
nections. For this literature on the VR 
series or for information on all Varta 
batteries, please call 1-800-431-2504, 
Ext. 260. Or write to Varta below. 


VARTA 


VARTA Batteries, Inc., 300 Executive Bivd., Elmsford, NY 10523 
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NEW PRODUCTS 


~COMPUTERS & PERIPHERALS 


VAX COMPUTER 


@ Features the CVAX pP and as 
much as 16M bytes of RAM 
@ Has built-in standard and 
ThinWire Ethernet interfaces 

A member of the VAX computer 
family, the MicroVAX 3100 re- 
places the MicroVAX 2000 by pro- 
viding more performance features 
at a lower price. It features the 
CVAX uP, which is used in the Mi- 
croVAX 3300 and 3400 systems; as 
much as 16M bytes of memory; and 
a built-in standard and ThinWire 
Ethernet interface. The computer 
comes in two models that run either 
the VMS or Ultrix operating sys- 
tems. The minimum configuration 
for the Model 10 is 4M bytes of 
memory, a 104M-byte hard-disk 
drive, a 1.4M-byte, 3’4-in. floppy- 
disk drive, four asynchronous serial 
ports, and a 5-user VMS operating 
system with a DECnet end-node 


ETHERNET INTERFACE 


@ Uses a Macintosh computer's 
built-in SCSI port 
© Compatible with EtherTalk net- 
work software 

The Ether+ is a stand-alone Eth- 
ernet interface for Macintosh com- 
puters and connects to any MAC 
with a built-in SCSI port. The unit 
is fully compatible with Apple’s 
EtherTalk network software-driver 
specification so it operates with 
popular network packages such as 
TOPS, AppleShare, Novell Macin- 
tosh, and Telnet. Because Ap- 
pleTalk communicates approxi- 
mately 40 times slower than the 
10M-bps rate of Ethernet, the net- 
work protocol does not achieve the 
full Ethernet data rate. The unit 
provides both thin Ethernet and 
thick Ethernet connections by ad- 
hering to IEEE-802.3 10Base2 and 
10Based5 standards, respectively. A 
back-panel switch selects a SCSI 
address number. The _ enclosure 
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software license. The minimum con- 
figuration for the Model 20 contains 
8M bytes of memory, two 104M- 
byte, hard-disk drives, eight asyn- 
chronous and one synchronous se- 
rial ports, a 95M-byte streaming- 
cartridge tape drive, and a 10-user 


measures 5.5 X 1.5 X 7.5 in. and uses 
a 20W wall-mount power supply. 
$495. 

Compatible Systems Corp, 
Drawer 17220, Boulder, CO 80308. 
Phone (800) 356-0283; in CO, (803) 
444-9532. TLX 249643. 
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RS-422/485 BOARD 


@ Uses Intel’s 82050 UART 
® Operates with MS-DOS, Micro- 
soft Xenix, and SCO Xenix 

The Fastcom:422 is a single- or 
dual-channel RS-422/485 interface 
board for IBM PC, PC/XT, PC/AT, 
and compatible computers. Operat- 
ing with MS-DOS, Microsoft Xenix, 
SCO Xenix, and most programs, 
the board uses the COM1 or COM2 
port. Other features include dual 
DB-9 connectors, RFI shielding, 
and RTS/CTS control signals. The 
standard version contains an Intel 
82050 UART, which is a low-power 


VMS operating system with a 
DECnet end-node software license. 
Model 10, $8480; Model 20, $22,965. 
Digital Equipment Corp, May- 
nard, MA 01754. Phone (508) 493- 

6915. 
Circle No 386 


equivalent of the 16450 UART. The 
unit also comes with an option for 
an Intel 82510 UART, which fea- 


tures two software — selectable 
modes: an 82050-compatible mode 
and a high-performance mode. The 
high-performance mode offers baud 
rates as high as 288k baud, a 4-byte 
receive-and-transmit buffer, two 
separate baud-rate generators that 
permit transmission and reception 
at different baud rates, and control 
character recognition. A Commbios/ 
Commbuff | communications-soft- 
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Performance's 33/25 MHz PACEMIPS 
_RISC Smashes CISC Price/mip 


M 
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MIPS sustained 3.3 Volt Technology in Early 1990 gate length technology which has set the 
throughput at 33MHz In early 1990 you will be able to build your standard for high performance CMOS 
Clock rate available system with the PACEMIPS R3000 family in products. . 
NOW. our 3.3 volt technology at 33MHz with less Remember, Performance is "FAST, 
Average instruction execution time is than 1/2 the power dissipation of a 5.0 volt COOL, AND AFFORDABLE." 
only 1.2 clock cycles per instruction. system! Naturally, the SCRAM and the sup- To receive Performance's data book or 
Sustained floating point LINPACK perfor- _ porting logic will be available to complete your _ further information or to order the best buy in 
mance of the PACEMIPS R3010 Floating power saving design. Price/MIP, call or write: 
Point Accelerator is 9.7 MFLOPS single pre- To cover military temperature ranges, 
cision and 5.6 MFLOPS double precision. we are also producing the R3000 family to Performance Semiconductor Corporaton 
Reduced System Chip Count operate at 16, 20, and 25Mkz. 610 E. Weddell Drive 


A new single chip component to perform Our PACEMIPS processors and Sunnyvale, California 94089 
the main memory read and write buffer supporting SCRAMs and Logic are manu- Telephone: (408) 734-9000 
functions will be available in early 1990. factured in Performance's six-inch wafer 
Increased integration and lower power lead to _ fabrication facility using PACE II 0.7 micron 


effective system design and board density. 


PACE Technology is a trademark of Performance Semiconductor Corporation. 


aa 7 dit oe eens Semiconductor Corporation G3 5 Wh [fe Ci —O, WD, UC. 7O, VP CLA~A, PO, Vf? 4 VIO, /y 
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COMPUTERS & PERIPHERALS 


ware development tool comes with 
the board. Fastcomm:422, $375; op- 
tional 82510, $25; second channel 
option, $49. 

Commtech Ine, 8622 Mt Vernon 
Ct, Wichita, KS 67207. Phone (816) 
651-0077. 
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ARCNET BOARD 


@ Uses the SMC9026 VLSI 
controller 
@ Selectable base address on 4k- 
byte boundaries 
The S-ARC-01 Arecnet interface 
board for the STE Bus uses Stan- 
dard Microsystem’s SMC9026 VLSI 
controller and acts as an intelligent 
slave. The base address is se- 
lectable for any 4k-byte boundary 
within the short I/O base. The con- 
troller’s firmware provides token- 
passing, media-access control, as 
well as data-link features. Besides 
communicating at the standard 
2.5M-bps Arcnet rate, the board op- 
erates with the 20M-bps Arcnet 
rate announced by the Arcnet 
Trade Association. The board has 
2k bytes of dual-ported RAM, 
which provides four 512-byte 
packet buffers. The card uses 
Arenet cable transceivers that link 
to a network cable via a BNC con- 
nector on the front panel. The board 
comes with network drivers run- 
ning under MS-DOS and has an op- 
tion for NetBIOS. $858. 

C&C Technology Inc, Bldg 9, 
Unit 60, 245 W Roosevelt Rd, West 
Chicago, IL 60185. Phone (812) 231- 
0015. TLX 4974811. FAX 312-231- 
0345. 

Circle No 389 
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NETWORK SERIES 


® Consists of 1-board hardware for 
data communications 

® Operates as gateways, FEPs, 
bridges, or hub switches 

The CPS1000 series of single-board 

hardware systems for data commu- 

nications lets you customize LAN 

gateways, front-end processors, 

bridges, packet assemblers/disas- 


-semblers, or hub switches for net- 


working applications. The systems 
can simultaneously operate with 
multiple protocols including X.25, 
TCP/IP, Ethernet, and token ring. 
You can independently configure its 
serial ports as RS-232C, RS-449, 
RS-530, or V.35 interfaces. The sys- 
tems incorporate custom VLSI cir- 
cuitry for tailoring to a specific ap- 
plication. $1500 to $9300. Delivery 
of initial product, 120 days ARO. 
SBE Inc, 2400 Bisso Ln, Con- 
cord, CA 94520. Phone (800) 221- 
6458; in CA (800) 328-9900. FAX 
415-680-1427. 
Circle No 390 


GRAPHICS CARD 


@ Allows windowing on a 
1280 xX 1024 monitor 
e Runs EGA, MDA, CGA, and 
Hercules software 
When used in conjunction with the 
company’s UDC-2600 graphics con- 
troller board, the MegaVu IBM 
VGA graphics card for the IBM PC/ 
AT and compatible computers lets 
you display a VGA window on a 


1280x1024 monitor. The _ boarc 
runs a VGA _ application at 
640 x 480-pixel resolution and trans- 
fers the data via a 10-MHz external 
bus to the controller board for dis- 
play on the monitor. The user can 
simultaneously display 1280 x 1024 
images and VGA windows. You can 
view a VGA application in two 
modes: either a 640 x 480-pixel 
quadrant of the 1280 x 1024 display 
or the entire screen area. In addi- 
tion, the board runs MDA-, CGA-, 
and Hercules-compatible software. 
A DMA controller transfers data 
over the 10-MHz bus into the dis- 
play memory on the controller card. 
$1195; 2-board set, $4470. 
Univision Technologies Inc, 12 
Cambridge St, Burlington, MA 


01803. Phone (617) 273-5388. TLX 


988755. 
Circle No 391 


VOICE RECORDER 


@ Digitally stores audio messages 
as long as 128 sec 
@ Samples audio signals from 16 
selectable channels 
The DVR digital voice recorder 
samples and digitally stores data 
from 16 selectable channels. The 
2x2x1-in. stand-alone board con- 
tains 1M byte of dynamic RAM, 
which provides the following re- 
cording times at the specified sam- 
pling rates: 128 sec at 8k bps, 98 
sec at 11k bps, 65 sec at 16k bps, 
and 35 sec at 32k bps. The board 
weighs 1 oz and has four corner 
holes for mounting. It requires an 
unregulated 8 to 12V de supply and 
draws <4 mA in a standby mode. 
The unit also contains a 6000 to 10- 
kQ, microphone, a 1W audio-output 
amplifier, and a green LED status 
indicator. All input and output lines 
connect to solder pads for interfac- 
ing with a remote controller. DVR- 
4, $59.50; DVR-16, $97.50. 
Electronic Devices & Engineer- 
ing Co, Box 1872, Palm Springs, 
CA 92262. Phone (619) 320-8880. 
Circle No 392 
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5821 N.E. 14th Avenue ¢ Fort Lauderdale, Florida 33334 
(800) 327-5912 © FL (305) 771-2050 « FAX (305) 771-2052 
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LOW BATT 
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¢ 10 Digit (20 Segment) LCD Display with Gate, Function, 
and Input Annunciators. 


e .} Hz to Over 150 MHz Direct Count (1 Hz resolution in 1 Sec). 
¢ Single Shot Time Interval 1OO ns, .1 ns averaged. 


e Functions Include: Frequency, Period, Ratio, and Time 
Interval and Average. 


e 16 Segment Analog Input Bargraph is driven by an 8 Bit 
A to D and Can Be Used for Signal Level Display. 


¢ Low Power (250 mw) with Single 5v Supply. 


e High Accuracy, 1 ppm 1O MHz Crystal Time Base with Cal 
Adjust on Board. 


¢ Economical to Use in Custom OEM Applications. 
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BYTEK 135H 


Universal MultiProgrammer™ 


DATA I/O 288° Performance 
PLUS PLD Support !! 


100% USA Made. 


* Model 135His a GANG & SET (E)EPROMProgrammer. 
* Programs virtually all EPROMs & EEPROMs up to 2048K. 

* Universal supportincludes Bipolar PROMs & EPROM Emulation. 
* GANG Options for 40-pin MICROs & 40-pin EPROMs !! 

* Stand-alone or Computer Remote Control operation. 

* 12 Month WARRANTY & 12 Month FREE Field Device Updates. 
* Supports OrCAD™'s new PLD Tools Software. 


1-800-523-1565 


In Florida: (407) 994-3520 


BYTEK Corporation * 508 N.W. 77th St, Boca Raton, FL 33487 
FAX: (407) 994-3615 + Telex: 4998369 BYTEK 


* DATA J/O is a registered trademark of DATA I/O Corporation. 
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Model Shown: 
135H-U 

with optional 
LOGICel. 


\ 


Why 


_ Acomplete range _ 
Who else offers such a widespread selection of application 
Proven futuristic sub-miniature fuses worldwide? Picofuses, 
Microfuses, TR 3 and TR 5 - available on tape. Also shock- 


safe TR 5 fuse-holders for space-saving front panel mounting 
or printed circuit board use. What more could you want? Ask © 


gs 


for catalogue G 2. 
ae of safety 
_, Wickmann-Werke GmbH 
Postbox 2520 - D-5810Witten6 - Tel.02302/6620 - Fax 02302/662219 
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INTERNAL MODEMS 


e@ Have MNP class 1 to 5 ECC 
@ Fit a full-sized expansion slot 
and operate with MS-DOS 

Three internal modem cards for 
IBM PC, PC/XT, PC/AT, and com- 
patible computers have MNP class 
1 through 5 error-correction code 
and data compression. The Courier 
HST/PC modem features the com- 
pany’s proprietary asymmetrical 
modulation technique operating at 
speeds as high as 14,400 bps. Using 
MNP class 5 data compression, the 
unit achieves an effective through- 
put of 26,000 bps. In its high-speed 
mode, this model features a 450-bps 
reverse channel for full-duplex com- 
munications. The Courier VC.32/ 
PC is compatible with the CCITT 
V.32 standard for 9600- and 4000- 
bps communications. The modem 
achieves an effective throughput of 
17,400 bps with MNP class 5 data 
compression. The Courier HST dual 


standard/PC modem combines all 
the features of the other two mo- 
dems into one. The modems fit any 
full-sized expansion slot and oper- 
ate with MS-DOS. All three units 
conform to the CCITT V.22 bis, 
V.22, and V.21 specifications as 
well as the Bell 212A and 103 stan- 
dards. Courier HST/PC, $895; Cou- 
rier V.32/PC, $1349; Courier HST 

dual standard/PC, $1395. 
USRobotics Inc, 8100 N McCor- 
mick Blvd, Skokie, IL 60076. Phone 
(800) 342-5877; in IL (812) 982-5001; 

in Canada (800) 553-3560. 
Circle No 393 


IPI CONTROLLER 


@ Manages the operation of 32 disk 
drives 

@ Uses from two to four IPI-3 host 
channels 

The ArrayMaster 9058 intelligent 

peripheral-interface (IPI) controller 


TANTALUM CHIP CAPACITORS 
FOR SURFACE-MOUNT DEVICES 
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manages as many as 382 disk drives 
using two to four IPI-8 host chan- 
nels and four IPI-2 drive ports. The 
controller can handle a 25M-byte/ 
sec burst-transfer rate from the 
host and transfer data at 10M bytes/ 
sec to the disk drive. The controller 
has four 128k-byte data buffers, 1 
per drive port. The unit comes 
mounted in the company’s Sabre 8- 
in. enclosure that includes a power 
supply and a cooling fan, and it 
meets UL, CSA, VDE, and FCC 
class B requirements. In addition, 
the controller uses a modified 96-bit 
Reed-Solomon error-correction 
code. Controller with two IPI-3 
channels and four IPI-2 ports, 
$10,250 (OEM qty). Evaluation 
units available in October. 
Imprimis Technology Inc, 12501 
Whitewater Dr, Minnetonka, MN 
55348. Phone (612) 986-6267. 
Circle No 394 


COPROCESSOR BOARD 


@ Uses a 82-bit Am29000 RISC 

CPU 
@ Has 6M bytes of cache memory 
The enhanced Nusuper coprocessor 
board for the Macintosh computer 
uses a 32-bit RISC CPU and a 50- 
MHz system clock to deliver 25 
MIPS peak and 17 MIPS sustained. 
The board features as much as 6M 
bytes of cache memory, and it can 
access 32M bytes of dynamic RAM 
on the Nubus. When operating in 
a bus-master mode, it has direct ac- 
cess to graphics and other I/O cards 
on the bus. The company supplies 
the Metaware compiler and other 
development tools including an as- 
sembler, a linker, and a debugger. 
In the Multifinder mode, you can 
install as many as four boards in a 
single host. An Am29027 floating- 
point unit is available as an option. 
3M-byte version, $2800 (OEM qty). 

Yare Systems Corp, 5655 Lin- 
dero Canyon, Suite 721, Westlake 
Village, CA 91362. Phone (818) 889- 
4388. 

Circle No 395 
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The Analog ASIC Solution 


All the pieces—from Raytheon, your development partner: 


Raytheon’s RLA Linear Array Fam- 
ily of user-configurable macrocell 
arrays—and full design support. 
(RLA 40, 80, 120, and 160) 


_} Configurable macrocells: 4, 8, 12 
or 15 gain blocks that can be config- 
ured into a variety of analog func- 


tions to achieve your system’s needs. 


[| Design support: Raytheon offers 
a comprehensive design kit contain- 
ing applications and design docu- 
mentation, 200X plots, a printed 
circuit board, and 23 macrocell 

kit parts. 


Software includes SPICE! model 
data files that can run on PCs and 
various workstations. 


Application engineers provide per- 
sonalized service and full support 
from design conception through 
product delivery. Take advantage 
of Raytheon’s extensive experience 


in custom and semicustom products. 


[|] And more: Choose from a wide 
variety of packages including plastic 
and ceramic DIPs, SOICs, PLCCs, 
and LCCs in commercial, industrial 
and military temperature ranges. 


Analog ASICs need not be a puzzle. 
Not with Raytheon’s RLA Family. 
And the support we provide with 
more than 15 years’ experience as a 
supplier of high-volume commercial 
custom and semicustom devices. 


Call us for complete RLA program 
information and details on the RLA 
Macrocell Array Design Kit. 


Raytheon Company 
Semiconductor Division 

350 Ellis Street 

Mountain View, CA 94039-7016 
(415) 966-7716 


| SPICE developed by University of California 
EDN September 28, 1989 
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LITERATURE 


Paperback promises 
to improve CAD productivity 


Organized by level of complexity, 
1000 AutoCAD Tips and Tricks 
presents techniques and shortcuts 
for nearly every AutoCAD com- 
mand and feature. The 480-pg book 
offers 316 drawing and editing tips, 
206 3-D shortcuts and enhance- 
ments, 305 working AutoLisp pro- 
grams, and more than 200 new tips. 
$24.95. 
Ventana Press, 
Chapel Hill, NC 27515. 
INQUIRE DIRECT 


Box 2468, 


Keep up with latest 
on superconductivity 


Superconductor News, the bi- 
monthly newsletter of the Super- 
conductor Applications Association, 
keeps you informed about develop- 
ments in the world of superconduc- 
tivity, including meetings and 
conventions. Annual nonmember 
subscription, $45. 
Superconductor Applications 
Association, 24781 Camino Villa 
Ave, El Toro, CA 92630. 
INQUIRE DIRECT 


Books deal with 
VHDL and its applications 


The VHDL Handbook is a 416-pg 
working reference for hardware de- 
signers. Its “cookbook” approach 
provides examples that illustrate 
features of the VHDL language and 
show how you can model particular 
classes of hardware devices in 
VHDL. $65. The 317-pg VHDL: 
Hardware Description and Design 
is an introduction to VHDL, inves- 
tigating specific language con- 
structs. It provides a full explana- 
tion of the IEEE 1076 standard for 
VHDL. $55. Finally, the 224-pg 
ASIC System Design with VHDL: 
A Paradigm deals with the chal- 
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lenge of designing single-chip proc- 
essors to execute specific applica- 
tion algorithms. To this end, the 
book attempts to provide a better 
understanding of interactions 
among robotic algorithms, computa- 
tional architectures, and the imple- 
menting technology. $52.50. 
Kluwer Academic Publishers, 
101 Philip Dr, Assinippi Park, Nor- 
well, MA 02061. 
INQUIRE DIRECT 


Conference proceedings span 
wide range of industries 


The Asyst ’88 International Confer- 
ence Proceedings present 48 appli- 
cation articles on PC-based scien- 
tific and engineering applications. 
It covers such topics as data analy- 
sis, biomedics, chemistry, instru- 
mentation control, materials re- 
search, physics, and testing. Each 
article describes a particular pro- 
ject, reports on the hardware and 
software used, and provides the 
conclusions of the researcher. The 
applications range from theoretical 
modeling to automated testing to 
computer-aided instruction. $25. 
Asyst Software Technologies 
Inc, 100 Corporate Woods, Roches- 
ter, NY 14623. 
INQUIRE DIRECT 


Note describes 
custom switch matrixes 


A product note, entitled HP 8760 
Custom Switch Matrixes for Micro- 
wave ATE, discusses the manufac- 
turer’s capabilities for producing 
and testing complex switching as- 
semblies. The publication details 
matrix theory and practice, from 1- 
channel matrixes to more complex 
full-access models with numerous 
inputs and outputs. Other details 
include performance specifications 
and how to document test proce- 
dures -and construction. The note 
also provides further suggestions 

for internal self-test procedures. 
Hewlett-Packard, 19310 Pru- 
neridge Ave, Cupertino, CA 95014. 
Circle No 367 


How to hasten IEEE-488 
application programs 

This 8-pg application note, Pro- 
gramming with NI-488 Software, 
explains how to increase through- 
put and reduce development time 
for IEEE-488 application pro- 
grams. The note also contains ex- 
amples that highlight some of the 
software features. 

National Instruments, 12109 
Technology Blvd, Austin, TX 
78727. 
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Study surveys 
overseas CASE markets 


This major multiclient study on the 
budding market for computer-aided 
software engineering (CASE) prod- 
ucts in Europe and Japan comprises 
three volumes. Volume 1 focuses on 
the European market, where two 
companies—CGI Informatique of 
France and Softlab of Germany— 
are the two leading manufacturers 
of CASE tools for management- 
information-system/data-processing 
applications. Volume 2 concentrates 
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When you're looking 


¢ digital ICs ¢ optoelectronic 


: ‘devices 
¢ linear ICs 


e interface ICs iors 


¢ diodes or 
¢ microprocessor 


ICs ¢ thyristors 
¢ememory ICs 


off flipping a PC switch 
Is faster than thumbin 
through catalogs. 


And that’s why we put the IC/Discrete 
Parameter Database on CD-ROM! 


W e’re Information Handling Services—the The results? Time saving searching—and time is 
VSMF® people—and D.A.T.A. Business Publishing— money. 

D.A-T.A. DIGESTS. And we've been helping you 

solve your product research problems for years. 


Now we can help you do your component 
research a new way. With software for your 
IBM® AT® compatible and a database on CD-ROM. 


For more information write, phone, or Fax: 


¢ Get fingertip access to over 800,000 integrated Information Handling Services® 
circuits and discrete semiconductors. 15 Inverness Way East e Englewood, Colorado 80150 
e Search for active and discontinued devices, Phone: 800-525-7052 in the U.S.A. 


(303) 790-0600 ext. 59 
in Colorado and outside the U.S.A. 
e Link to manufacturers data sheets with one Telex: 4322083 IHS UI 

keystroke. Fax: 303-799-4085 in the U.S.A. 


And, every sixty days we send out updates to keep (303) 799-4097 outside the U.S.A. 
your data current. 


commercial and mil/hi-rel. 
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LITERATURE 


on the European market for CASE 
tools used in software engineering. 
In Volume 3, the focus is on the 
Japanese software market in gen- 
eral and the CASE market in par- 
ticular. You can buy the volumes 
separately or as a set. Set $178.50; 
$59.50 each. 

Strategic Focus, 500 E Calav- 
eras Blvd, Suite 321, Milpitas, CA 
95035. 

INQUIRE DIRECT 


Listing of PowerMOS 
transistors on disk 


The vendor’s comprehensive list of 
PowerMOS transistors is available 
on floppy disk, allowing you to 
search quickly for a specific type 
number, as well as for comparative 
data of competitors. You can use 
the disk on IBM PCs and most com- 
patible computers. A set of instruc- 


THEN 


tions guides you in the use of the 
disk. 

Philips Components, Box 218, 
5600 MD Eindhoven, The Nether- 
lands. 


Circle No 369 

Amperex Electronic Corp, 

Providence Pike, Slatersville, RI 
02876. 

Circle No 370 


paper collector? 


wo. 


er youte 
vt Ba se 
« Pe ea 


Catalog covers 
electronic materials 


This 120-pg premiere issue de- 
scribes products for static control; 
EMI/RFI shielding; wire and har- 
nessing products; identification sys- 
tems; thermal interface materials; 
adhesives, coatings, and encapsula- 
tions; solder products and pc-board 
chemicals; pressure-sensitive tapes; 
film insulating products; and fabri- 
cated parts. 

Electrical Insulation Suppliers 
Inc, 300 N Mannheim Rd, Hillside, 
IL 60162. 
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Electronic cataloging 
of trimmers 


The SpecTrim electronic catalog is 
on an IBM PC-compatible 5’/-in. 
floppy disk and comes with a 22-pg 
user’s guide. You can pinpoint the 
optimal trimmer for your applica- 


Integrated Circuit 


Do you still rely on bulky, cumbersome 
= Catalogs, hard-to-use microform, and out- 
of-date datasheets when you need to find a new IC or replace an 
old component? 


Are you wasting time trying to find the information you 
need rather than productively working on your projects? 


Does your office look like it’s inhabited by a compulsive 


Well, burn your catalogs, shred your datasheets, and 
donate your micro-media to your favorite museum! 


We've got great news for you. . . 


CAPS is a trademark of Reed Publishing, USA. 
Sun-3 is a trademark of Sun Microsystems, Inc. 


LITERATURE 


tion and select from a base of 8600 
standard part numbers or from per- 
formance parameters. Another fea- 
ture allows you to cross-reference 
trimmers of the company’s model 
with those of other manufacturers. 
The disk also features helpful terms 
and definitions. 
Bourns Inc, 100 Columbia Ave, 
Riverside, CA 92507. 
Circle No 372 


Disk guides you 

to optimal components 

Using any IBM PC or compatible 
computer, you can enter the mini- 
mum and maximum desired specifi- 
cations for your design parameters. 
The vendor’s Component Selection 
Guide on disk then allows you to 
search the database, which displays 
as many as 17 suitable components. 
The list of components are arranged 
in order of ascending price. From 


Search and Selection 


Ni OW Take a look at this! The clutter is gone. And you've got fast, easy 
@ access to complete information on more than 425,000 ICs and 


this listing you can look up the data 
sheet of each component for further 


details. This database search lets 
you see the potential cost vs per- 
formance tradeoffs. 

Analog Devices, Literature Cen- 
ter, 70 Shawmut Rd, Canton MA 
02021. 
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semiconductors available from over 375 manufacturers worldwide. 
This is CAPS. It’s new. It’s different. And it will change the way you work. 


CAPS puts the information you 


Spice macromodels noted 


Three application notes explain the 
company’s OP-64, OP-42, and OP- 
400 Spice macromodels. The publi- 
cations point out several improve- 
ments: The models concentrate on 
frequency poles and zeros that de- 
termine the frequency of op amps; 
the macromodels do not require in- 
ternal grounds; and in the new mod- 
els, all currents are accounted for 
in the output stage. AN-110 de- 
scribes the Spice macromodel for 
the OP-64 high-speed, wideband op 
amp; AN-117 explains the Spice 
macromodel for the OP-42 high- 
speed, fast-settling precision op 
amp; and AN-120 discusses the 
Spice macromodel for the OP-400 
quad low-offset, low-power op amp. 
The notes all provide schematics, 
graphs, and listings. 
Precision Monolithics Inc, Box 
58020, Santa Clara, CA 95052. 
Circle No 374 


select — including specific, complete ¢ 
datasheets — at your fingertips. Now, 
you can do comprehensive searches 
and make important component 
decisions faster and easier than you 
ever imagined! 


To learn more, call toll-free: 
1-800-245-6696 


C AHN ER S 


are, 5k ae SAD, AN a SL Name I ae em 


275 Washington Street 
Newton, MA 02158-1630 
Telephone: 617-558-4960 
Facsimile: 617-969-6949 
Telex: 940573 


Cos Aided 
Product Selection 
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MILITARY 
DC/DC CONVERTERS 


Vicor Provides The Power For Military Applications On The Move 


216 


1... If By Land: 


28 VDC input per 
MIL-STD-1275A (AT) 
fault free and battery only 
conditions for steady-state, 
surge and cranking. 


Zee If By Sea: 

155 VDC input per 
MIL-STD-1399A (NAVSEA 
SE 010-AA-SPN-010 Rev A) 
steady-state and worst case 
excursions. 


3...1f By Air: 


28 & 270 VDC input per 


MIL-STD-704D 


~ normal, abnormal, transfer, 


external and emergency 
conditions for steady-state, 


transient and overvoltage. 


The new MI-200 
Series from Vicor 
© 0.5”H x2.4"W x 4.6”L 


e Up to 23 Wiin? 


e MIL-STD-810 
Environments 


e Fully Potted 


e 5,12, 15,28 & 
48 VDC Outputs 


e 50, 75, & 100 W 
Modules 


To receive a complete data sheet, call Vicor today at (508) 470-2900, 23 Frontage Road, Andover, MA 01810. 


Component Solutions For Your Power System 
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This advertising is for new and current products. 


Please circle Reader Service number 
for additional information from manufacturers. 


Quartz Crystals 
Oscillators 
212-505-5340 


¢ World’s Smallest 


¢ SMT & Thru-hole 

¢ 10kHZ-—35MHz 

¢ Ceramic & Metal Pkgs 
- Free Catalog 


Micro Crystal Division/SMH 
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68HC05/68HC11 Emulators 


— 
Miecro-8l 
OBHOOS: Emaiatar: 


The Micro-AlD in-circuit emulators provide complete develop- 
ment support for Motorola single chip microcomputers. 


e |n-Circuit Emulator - Real time in-circuit emulation for the 
6805,68HC05, and 68HC11 single chip microcomputers. 


e Real-Time Trace - 2K x32 memory captures up to 2048 
cycles of qualified bus activity. 


e Symbolic Debugger - Allows symbolic reference to param- 
eters in emulator commands. 


e PC Based Cross Assembler - Fast assembler automatically 
downloads object to emulator. 


e EPROM Programmer - Programs on-chip EPROM. 
¢ Low cost, from $1200 to $2395. 
THORSON ENGINEERING 


6225 76th St. S.E., Snohomish, WA 98290 
(206) 334-4214 
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‘‘ The Best 8051 Emulator’ 


NEW 
8XC751 


support 
available 
now! 


5 ft. cable 


8051 


See EEM 88/89 
Page D-1304 


PC based emulators for the 8051 family 
(8051/51FA/52/31/32/44/152/451/452/535/552/8XC751 + CMOS + more... 

* PC plug in boards or RS-232 box = * Program Performance analyzer 

* Pull-down menus combined with © Powerful Macros with IF-ELSE, REPEAT- 
Command-Driven User Interface. WHILE structures 

¢ Source Level debug for PL/M-51 and C-51 

¢ Symbolic debugging with in-line assembler 
and disassembler 

¢ Execution time counter 

* Trace can be viewed during emulation! 


Context sensitive help and 
On-Screen Editing of data 
* 20 MHz real time emulation 
* 128K emulation memory 
* 48 bit wide, 16K deep trace buffer 
with loop counter 
PRICES: 32K Emulator for 8031 $1790" 4K Trace $1495" 
CALL OR WRITE FOR FREE DEMO DISK! 
“US. only Ask about our demo VIDEO! 


n OH au 51 E. Campbell Avenue 


Campbell, CA 95008 
CORPORATION 


FAX (408) 378-7869 
(408) 866-1820 
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Engineering 
Software 


Disk #1: Stagger tuned bandpass amplifier 
design computes values for three R-C and two 
L-C circuits from specifications you provide. 
One L-C circuit does impedance matching. 
Also, diode linearizer design and ten other 
public domain programs. 

Disk #2: SPICE modeling programs write a 
.SUBCKT or .MODEL file using data sheet or 
measured data input. Component types are: 
opamp, comparator, junction and MOS FET 
and bipolar transistor. The programs are in 
BASIC. 


Send $20.00 for each disk to: 
Kincaid Engineering 
Savage Road 


Milford, NH 03055 
Disks are 5% inch, for |BM compatibles. 
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large quantity of new LCD displays at incredible prices 


ATTENTION FOR SALE 


10,000 pcs HITACHI LM215B 20.00 each 
(same as LM215XB) (50 pcs +) 


480 x 128 dots (80 column x 16 line) 
graphics and alphanumeric display 


¢ These are serialinterface ¢notbacklit comes in aplastic 


enclosure 
10,000 pcs OPTREX DMC 16106A-E 7.00 each 


16 character x 1LCD display ‘°°°°s* 


¢ 5x10 dot matrix formation unit is backlit 

e parallel interface 98 ASCII character generator 

e 5V power required 

1,000 pcs 40 character x2 display 20.00 
Mfg: Densitron 

Please consult further technical specs in Mfg. catalogs. 

We do have specs on these though. Also, please refer to this 
ad when calling. We are large buyers of excess inventories. We 
come across non-enclosed and enclosed monitors as well as 
other computer and electronic equipment. We do not have a 

catalog. Ask for Ron or Nancy. 


Timeline, Inc. 
1490 W. Artesia Blvd., Gardena, CA 90247 


(213) 217-8912 


CIRCLE NO 327 


Tango-PLD. The New 
Price/Performance Leader. 


Tango-PLD, a universal PLD design tool with sophisti- 
cated features at an affordable price, creates 
complex designs with multiple PALs 
and GALs. Our top-down approach, 
emphasizing logic description first 
and part selection second, along 
with a “C-like” design language, 
makes Tango-PLD easy to use. 


Describe designs with Boolean equa- 
tions, truth tables, state machines, 
high-level C expressions, or existing JEDEC 
files. Simulation with test-vector coverage checking 
guarantees no surprises. Rich functionality, one year’s 
updates, free tech support and BBS, plus our 30-day guaran- 
tee. All this for just $495. Call today. 


FREE EVALUATION PACKAGE 
800 433-7801 619 554-1000 619 554-1019 Fax 


ACCEL™ Technologies # 6825 Flanders Drive ® San Diego, CA 92121 USA 
International prices may vary. Contact us for the distributor nearest you. 
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ULTISO4:.° “PCB DESIGN. 


Thé ULTImate PCB layout package featuring} 

@ Real-Time Design Rule Check @ Curved and angular traces 

@ Trace Shove and Reroute-While-Move  ™ Full SMT support 

@ Autoroute by window, component or net Ml Powerful placement tools 

@ 32 layer support; blind & buried vias @ Backannotation; pin/gate swap 

Extended memory versions with unlimited design size and 32 bit performance aré available 
SA/Canada: ULTImate Technology Corp, @ Tel: (404) 242 - 0125 @ Fax: 242 - 6382 


UK/Ireland: ULTImate Technology (UK) Ltd. @ Tel: (0734) 812030 @ Fax: 815323 
Int. Headquarters: ULTimate Technology B.V. @ Tel: (+31)2159 - 44424 @ Fax: 43345 


ULTIY ATE as ASK FOR YOUR FREE DEMO DISK 


TECH NOLOG 
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New EPROM Programmer 
At $495, Wintek’s Universal EPROM Programmer is a low- 
cost and versatile tool for programming most industry- 
standard EPROMs (2716-27256). Since it can operate with an 
IBM PC, as well as stand-alone, the Programmer is ideal for 
use with PC-based microcomputer development software. 
Credit cards are welcome. 
Wintek Corporation 
1801 South St., Lafayette, IN 47904 
(800) 742-6809 or (317) 742-8428 
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USEFUL 
AIDS 


IEEE-48 


Bulkhead Feed-thru 


1755 Osgood St., N. Andover, MA 01845 
com nquiries 508 682-6936 FAX 508 689-9484 
Toll Free Ordering 800 343-1455 
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EPROM PROGRAMMER 


Programs 2764 
in 8 sec, 27512 in 
44 sec 
odes copies 
and programs 
over a 475 
E/EPROMS :; 
from 35 mfg’s 
including 2716- 
27513, 27011, 
68764, 68766, 
2804-28256 
Automatically 
uses the fastest recommended algorithm as 
specified on the manfacturer’s data sheets to ensure 
Slktasti roth storage 
RS-232 on any computer, PC, XT, AT, PS/2, Mac, etc. 

Suppor XMIODEM/XMOODEM CRC protocols & ASCII file xfers 

| microcontroller heads support 874x and 87C5I serles 
Supports intel, Motorola, straight hex, hex-space & binary fles 
Engr support team for fast updates ¥ Checksums supported 
One-year warranty (parts & labor) “ Gold Textool socket 
Toll-free technical support ¥ Collates I6- & 32-bit 
30-day money back guarantee ” Sameday aba fl 
8 baud rates 10 38400 ¥ UV erasers from $39.95 
Thousands of satisfied customers attest to the EP4's great value 
Low price, $349, includes IBM com ble communications 
program, user’s manual and two free update coupons 


The Engineer’s Programmer 
CALL TODAY 800/225-2102 


BPwicrosystems 


10681 Haddington, Suite 190, Houston, TX 77043 
713/461-9430 FAX 713/461-7413 
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IEEE 
Solutions. 


Hardware & software interfaces for PC, AT, 
386, PS/2, Macintosh,SUN, HP & DEC 
IEEE converters to SCSI, RS-232, RS-422, 
modem, Centronics, digital I/O & analog I/O 
IEEE extenders, expanders & buffers 

IEEE drivers for DOS, UNIX@, Lotus 1-2-3, 
Symphony & Quattro. 


Call or send for your 
FREE Technical Guide 


Demo disks and application notes available 


lOtech | 


(216) 439-4091 
Telex 6502820864 © Fax (216) 439-4093 
1Otech, Inc. * 25971 Cannon Road 
Cleveland, Ohio 44146 
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simply optimal! 


Prove it to yourself... 
Call (800) 777-1202 
for free evaluation. 


" adams: macdonald 


800 Airport Road - Monterey, 
CA 93940 - Fax (408) 373- 3622 
Telex 882141 - Tel. (408) 373-3607 
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87C51 PROGRAMMER $125. 


Logical Systems brings you support for the Intel 87C51. 
The UPA87C51 programs this popular microcontroller on 
general purpose programmers that support the 2732A. With 
the UPA87C51 hy can program the 8751 and 87C51 security 


bits and the 87C51 encryption array. Logical Systems , help- 
ing you get the most out of your programming equipment 
with our growing line of adapters. OEM inquiries welcome. 


ADAPTER PROGRAMS PRICE 
UPA8751 C8751, 8751H, AMD8753H, 8744 $ 95.00 
UPA87C51 C8751, 8751H, AMD8753H, 8744 125.00 
87C51, 87C51FA 

UPA63701V Hitachi HD63701VO 65.00 
UPA451N Signetics SC87C451 (64 pin DIP) 125.00 
UPA63701X Hitachi HD63701X0 (64 pin shrink dip) 

-L_ Low insertion force socket ; 

-Z_ Textool ZIF socket 149.00 
UPA63701Y Hitachi HD63701Y0 a pin shrink dip) 

-L_ Low insertion force socke 95.00 

-Z Textool ZIF socket 149.00 
UPA63705V Hitachi HD63705V0 65.00 


CALL (315) 478-0722 or FAX (315) 475-8460 


LOGICAL SYSTEMS CORPORATION 
P.O. Box 6184, Syracuse NY 13217-6184 USA , TLX 6715617 LOGS 
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Bus Monitor 


Passive Interface 


ms © Capture up to 32,000 
is Trace Entries 


© 50n sec Event Capture/ 


100n sec Time Stamp 
Resolution 


O External Trace Trigger 
Installs into IBM PC/XT/AT 


mm peer protocols. inc. 


714/662-1929 FAX 714/662-1437 
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If you use 
P-CAD Racal-Redac Tango 
Telesis Calay Case 
Mentor Protel Scl-Cards 
Cadnetix 


then Superoute can improve your 
PCB design productivity today! 


Superoute is the only PC-based autorouter that 
achieves 100% routing results. And with features. like 
artificial intelligence, rip-up-and-retry, and SMT 
support, Superoute has the power to tackle your 
toughest board designs. 


Contact us to find out how a $2000 investment in 
Superoute can turn your CAD system into a 100 


percent autorouter. 
180 Newport Center Dr. 


Route . Suite 180 


Solutions INC. Newport Beach, CA 92660, 
(714) 721-1017 
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Introducing New Low Power 
Voltage Detectors. The S-807 Series. 


Sprague-Goodman 
Surfcoil’ SMT 
Inductors 


Ww. 
WEBER 
V 


168 Energy Limiting 
Circuit Breaker 


CJ Features high precision detection tolerances (+2.5%) 
_] Low power consumption (1.0,A typical) 

C] Wide operating voltage range (1.0V-15V) 

CJ Wide operating temperature ranges (—30°C to +80°C) 


The S-807 Series is perfect for applications 
including battery checkers, microprocessor 
resetting functions, pagers, car radios and 
more. For additional information contact: 


Seiko Instruments USA Inc 
Electronic Components Division 
2990 West Lomita Boulevard 
Torrance, California 90505 
Phone: (213) 517-7770 

Fax: (213) 517-7792 


ES] Seiko Instruments Inc 
CIRCLE NO 342 


Superior Short Circuit Protection 

Selective Disconnection - No nuisance shutdown 
Easy Installation with Quick Connect Terminals, 
screw terminals, or DIN Rail Mounting 
Worldwide Approvals, VDE, UL, & CSA 

Single, Double, Triple, and four pole versions 
Current Ratings - 0.5 to 50 Amp 

AC rating to 480 and DC rating 120 Volts per pole 
Available with Switched Neutral, Auxiliary and Signal 
contacts 

Stock available in Connecticut 


Contact: Inmark Corporation, 4 Byington Place 
Norwalk, CT 06850 Telephone: 203-866-8474 
Fax: 203-866-0918 
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* High Q * High SRF (including new UHF models) 
¢ Low DC resistance 

¢ Inductances from .047 to 1000 wH 

¢ Shielded version available 

¢ Thermally cycled for stability and reliability 

* Carrier and reel pack, standard 


SPRAGUE Goodman Eicctionics tne, 
Goooman \iedahadaad coe 


134 Fulton Avenue, Garden City Park, NY 11040-5395 
516-746-1385/TWX: 510-600-2415/TLX: 14-4533 
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PC BASED 
EMULATORS 


@ Source Level Debug for 
PLM and ’C’ 

@ Source Level trace 

@ Debug with symbols, not 
HEX data 


@ Source Level disassembly 
with in-line assembler 


UNIVERSAL RS-232 BO Sree @ Interchangeable probe 
PROGRAMMER $345-595 r ae . 
@ Programs EE/EProms, FlashEproms, ZPRams, Intel Micros, Memory Cards. ; ® Up to 128K emulation 
© Stand-Alone Mode for EE/EProm and Memory Card Duplication / Verify. memory 


@ All 24/28/32 pin EE/EProms to 4 MBits (upgradeable to 32 megabits). 

@ Micros:8741/A,-2/A,-4,-8,-9,-51,-C51,-C51FA/B,-52,-53,-55,-C521,-C541,9761. 
e Memory Cards:Seiko/Epson, Fujitsu, Mitsubishi (Integrated Adapter included) 
© Modular design;Firmware easily upgradeable; 4 socket Gang module available 
@ On-Board Programming capability; Custom interface modules available. 

@ User friendly Menu-Driven Interface Program for IBM-PC and Macintosh. 

© Can be operated with any computer containing an RS-232 serial port. 

© Optional built-in Eraser/Timer module ($50);Top cover conductive foam pad. 
@ OEM open board programmer configurations available (from $245). 

© Customer support via voice line, dedicated BBS or fax; Full 1 year warranty. 


INTELLIGENT P 
ROM_E ULATOR $395 


@ Emulates 2716 through 27512 EProms (2k to 64k bytes) with a single unit. 

© Connects to the standard parallel printer port. Uses standard printer cable. 

Intelligent features include: Reset Output, Address Compare, Address Snap- 
shot, Trigger Input. Memory buffer editing capability. Selectable wordsizes. 

© User friendly software. Command set includes: Load, Write, Display, Run, 
Type, Edit, Fill, Run-Command-File, Monitor, Port, Reset, Help, Calculator. 

FAST data loading via parallel printer port (65k bytes in less than 10 seconds). 

 Cascadable up to 8 units.Includes interface cable with Trigger and Reset clips. 

© CMOS version with standard 9V battery backup available ($495). After down- 
loading the program from the host computer, the CMOS emulator version 
can be disconnected and used in stand-alone mode for firmware testing. 

© File formats accepted: Binary, Intel Hex, Motorola S. 


@ 16 MHz real-time 
Call or write for Free demo diskette emulation 
] -800- M ETAICE® @ Up to 4K trace buffer 
@ Performance analyzer 
MetaLink™...Originators ofthe ® ies oe re 
including al , 
PC Based 8051 Emulator le, power down, DMA, 
We have more 8051 emulators * Ault alg at 
than anyone in the world: . 
8031, 8051, 8032, 8052, 8344, 8044, eas Setsymbolically 
BOC152JA/JBIIC/JD, 83C152UA/JC, 800452, © Fully documented 
B0C51FA, 80515, 80535, 80512, 80532, 80513, © Serially linked to PC 
800521, 800541, 800321, 8053, 80C154, 830154, @ OEM supplier to 8051 IC 


800451, 830451, 800552, 800562, 800652, manufacturers 
830751, 830752, 800537, CMOS, EPROMs, OTPs = @ Unlimited FREE technical 


2 1° support 
rr: Melaiin: 


= : @ From $1495* 
A 7 | = Corporation 


STEP MOTOR CONTROL 
27K steps/sec! 16 Million steps! 


New CY545. Rates up to 27K steps/sec, up to 
16 million steps per single motion. Separately 
programmable start rate, accel/decel rate, and 
max rate. Pulse & direction output. External 
jog mode and limit switch detection. Serial or 
parallel interface, LED/LCD & Thumbwheel 
interface lines, and more. ASCII commands. 
Supports 64K external memory. CMOS 40-pin 
DIP. $75 each ($25/1000). Credit Cards OK. 


MC/ VISA / AMEX Call today for datasheets! 
| ___B&C MICROSYSTEMS INC._ (12)026-0787 FAX (602)626-1198 TELEXSGE060 MLNK “Pre BUS. fo? Cybernetic Micro Systems 
vee Box 3000, San Gregorio CA 94074 
See Us at Wescon ’89 Booth #1526 (415)726-3000 Tix: 910-350-5842 
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wees E680 Universal 
IC Programmer 


Programs PROMs, EPROMs, EEPROMs, 
— PALs, GALs, RALs, EPLDs and PEELs 
JE680 Features: 
¢ Stand-alone or computer controlled modes w/ 
MS-DOS menu-driven software (included) 
* Parallel and RS232C interface ports 
* Auto-Sense™ of IC insertion 
¢ Supports/translates between 18 data formats 
¢ Full functional test on logic devices 
* Over 400 IC definitions in ROM - no personality 
modules needed 
¢ JEDEC standard supported, accepting input 
from virtually all major software packages 
* One-Year Warranty 
Listing of over 400 programmable devices 
and 74-page catalog available upon request! 


NEW BOOK 
Properties of 


LITHIUM NIOBATE 


[TKEE-488 | This book has some seventy individual 


reviews from more than thirty-five of 
the world’s foremost lithium niobate 

"488 (GP-IB, HP-IB) control for your PC/XT/AT research workers. It provides numeric 
; | | data, insight and concise discussion 
backed up with references to both pu- 
blished and unpublished sources. An 
extensive subject index affords ready 
access to data on specific properties 
and processes associated with lithium 
niobate and device-related configura- 
tions. 


305pp, 1989, casebound $190.00 


ALL CREDIT CARD & 
TELEPHONE ORDERS TO: 


INSPEC Dept. / IEEE Service Center 
445 Hoes Lane, P.O. Box 1331 
Piscataway, NJ 08855-1331 

Tel: (201) 562-5554 = = fyi | | YEOGO Universal IC Programmer ........ 


Fax: (201) 981-0027 Jameco Electronics * 1355 Shoreway Road, Belmont CA 94002 
* Phone (415) 592-8097 » FAX (415) 592-2503 
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Control instruments, plotters, and printers. 
Supports BASIC, C, FORTRAN, and Pascal. 
Fast and easy to use. High-speed DMA. 
Software library included so you spend 

less time programming. eee 
Thousands sold. Risk free guarantee. 
Hardware and software - $395. 


' 
i 


Product literature 1-800-234-4CEC 
Technical assistance 617-273-1818 


CEC Capital Equipment Corp. 
Burlington, MA. 01803 


CHIP COILS 
DC-DC CONVERTERS 
PULSE TRANSFORMERS 


NEW. TOUGHER 
OPECS FOR 
FILTER 


Our Chip Coils is good for your miniaturization & sur- 
face mounting. DC-DC Converters, pulse transformers 
& band pass filters is now complete with excellent func- 
tions. We also supply choke coils, power chokes, 

- linearity coils, toroidal coils, pulse transformers, coupl- 
ing transformers, power transformers and others. Send 
for details today.! 


80C31 BASED 
SINGLE BOARD COMPUTER 


The CP-31 is based on the 80C31 microcontroller on 
a chip. The board supports 32K bytes of EPROM, 
32K bytes of battery-backed RAM, four 8-bit parallel 
ports, and one RS-232C buffered serial port. It is fully 
CMOS and uses + 5V only. The CP-31 also features 
a processor supervisory circuit, optional daughter 
board for prototyping, and optional development - 
software. In addition, our product line includes other 
boards and software supporting 8051, 8096, and 
68HC11 microcontrollers. 


Compar 130 or 80 dB/octave. 
Up to 204 khz. 1024 cutoff settings. 
HP LP TD. Phase match: + 1° max., +0.25° typical. 
Amplitude match: +0.1 dB max., +0.03 dB typical. 
Programmable. You get Precision filter system perform- 
ance in circuit modules, 2.7” x 4.2” x 0.54”. Call or write. 


p) PRECISION FILTERS, INC. 


OEM and Agent 
Inquiries Invited 


ABC TAIWAN ELECTRONICS CORP. 
No. 422, Sec. 1, Yang Fu Rd., Yangmei 32627, 


ALLEN SYSTEMS LY 240 Cherry Street, Ithaca, New York 14850. Taoyuan, Taiwan, R.O.C. 
2346 Brandon Road, Pegg Ohio 43221 607-277-3550. Fax 607-277-4466. Tel: (03) 4788088, Telex: 32379 ABCEC 
614-488-712 = 


Fax: (03) 4755503 


CIRCLE NO 349 CIRCLE NO 350 


EZ-WRITER 


(E)EPROM Multiprogrammer™ 
DATA I/O 212* Performance 


— Ons $99 q : 


100% USA 
Made 


DC Model 
Available 


CIRCLE NO 751 


EXPRO-40 PC-Based 
Universal Device Programmer 


Logic Synthesizer 


Whether you design with gate arrays, 
programmable logic or random logic, you 
need BOOL™ to tackle tight designs. 


HM BOOL converts a behavioral description of 
combinatorial logic or state machines into 
boolean equations. 


@ Extracts the don't care set from the input 
description for use in minimizing the hardware - 
a feature unique to BOOL which guarantees the 
most optimal implementation. 


Accepts as input: Behavioral descriptions, state 
machine specifications and boolean equations. 
Supports bus arithmetic, function calls, flow 
control statements, indexed variables and more. 


B State of the art minimization algorithms, 
including absolute minimization and Espresso - 
can handle complex designs with hundreds of 
product terms in minutes. 


@ Built in simulator. 


BOOL is just $390 for the IBM/PC/XT/AT/PS2. 
30 day money back guarantee. 


Cornell Design Tools, 
761 Cornell Drive, Santa Clara, CA 95051 


Phone: (408) 984-0777 Fax: (408) 748-1826 
CIRCLE NO 752 


48 CHANNEL 25 MHz LOGIC ANALYZER Cross-32 
Meta Assembler 


Table based macro cross-assembler using the 
manufacturer’s assembly mnemonics. 


PC-ADAPTER DTYPE 
CARD 37 PINS CABLE 
7 SOFTWARES AVAILABLE FOR 
POPULAR DEVICE PROGRAMMING 
EPROM:NMOS or CMOS EEPROM:2816, 17A, 64A, 256A... 
BPROM: From 32x 8 to 4096 x 8 Bipolar PROM MMI, NS, 
Signetics, Tl, AMD, Motorola, Harris, Cypress MPU 8748: 
8748, 48H, 49H, 41A, 42H, 41AH, 42AH, 48AH, 49AH 
MPU 8751:8751/H, 52/H, 44/H, 51BH, 52BH, C51, C252 
PAL, EPLD, GAL, CMOS PAL: MMI, NS, TI, AMD, Cypress, 
Lattice, 16R8, 20V8, 20L10, 22V10, 22G10, 16V8, 20V8. 
Software update possible for new devices. 


SONGtSEN international, Inc. 


44061 So. Grimmer Blvd., Fremont, CA 94538 
Tel: (415) 770-9051 Fax: (415) 770-9060 


CIRCLE NO 754 


@ Supports 
(E)EPROMs 
up to 40-pins. 

@ Stand- diene ciRemome . 

@ 40-pin Micros Opt. 

@ SET/GANG 4(E)EPROMs Opt. 

@ Parallel port for Fast Up/Down Load. 

@ 256K bytes, expandable to 16megabits. 


1-800-523-1565 
Bly|TlelK In Florida (407) 994-3520 
Fax: (407) 994-3615 


* DATA I/O is a registered aries ‘ DATA I/O Corporation 


Includes manual and 
with tables for ail 0! 


8051 Emulator - $1250 


dICE is a low cost, Full Speed, real time 8051 
Emulator.. Powerful user interface for Hi-level 
multi-window source code debugging. Uses 
IBM-PC COM1/2. No Slots! Portable, fits in 
shirt pocket. Assembler and test bed included. 


$1595.°+ POD PRICE 
48 Chnnis @25MHz x 4K word deep/12 Chnnis @100MHz 
16 Trigger words/16 Level Trigger Sequence 


Storage and recall of traces/setups to disk gel EH ec 


Disassemblers available for: 68000, 8088, 8086, 80286, 
6801, 6811, Z80, 8085, 6502, 6809, 6303, 8031 


NCI © 6438 UNIVERSITY DRIVE, 
HUNTSVILLE, AL 35806 


pen: elias (902) 864-1873 
CIRCLE NO 755 CIRCLE NO 756 CIRCLE NO 757 
To advertise in Product Mart, call Joanne Dorian, 212/463-6415 
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Cybernetic Micro Systems 


Box 3000 e San Gregorio, CA 94074 
(415) 726-3000 e Telex: 910-350-5842 


Check: US$199.00 - VISA, MC: CN$249.00 


Universal Grd Assembles 
POB 384, Bedford, NS 
Canada B4A 2X3 


iridless, 100% Autorouting 


reate and revise schematics and PCBs 
uickly and simply with HiWIRE-Plus® and 
dur IBM PC. With the new, gridless, multi- 
yer autorouter (AR) for HiWIRE-Plus, creat- 
1g printed-circuit layouts is even faster. AR 
nd HiWIRE-Plus are each $895 and come 
/ith thirty-day money-back guarantees. Credit 
ards are welcome. 


Wintek Corporation 
1801 South Street, Lafayette, IN 47904 
(800) 742-6809 or (317) 742-8428 


CIRCLE NO 758 


PROTOTYPING SOLUTION 


We offer the best quality 
SYNTAX FR-4 prototyping PCB at the best price! 
All from the stock 


™ e@ MULTI-BUS 
@ VME-BUS 
x @ PC-BUS 


e PS-BUS 

@ STD-BUS 

@ S$100-BUS 

© TRANS * Please Call Today for Catalog 


BOARD *Custom Design are Available 
@ UNI BOARD *Dealer program offered 


Manufacturing & Marketing 
MING’ 


Engineering & Products, Inc. 
SST 


515 S. Palm Ave., #5, Alhambra, CA 91803 
Tel: (818) 570-0058 @ Fax: (818) 576-8748 


CIRCLE NO 761 


C for the 8051 
Compare: 


Benchmark Results —Sample program: 
Eratosthenese sieve Program from BYTE (1/83), 
expanded with I/O and interrupt handling. 


Archimedes 
1CC51 MCC51 FRANKLIN 
v2.20A v1.2 C51 v2.1 


Compilation time| 12sec ~~ 
Linkage time 29 sec 
Execution time - | 17.45 sec 
Total code size | 5378 bytes 
Sieve module 


> FRANKLIN 


SOFTWARE, INC. 
888 Saratoga Ave. #2 « San Jose, CA 95129 
(408) 296-8051 © FAX (408) 296-8061 


CIRCLE NO 764 


T-1600 
GANG/SET 
PROGRAMMER 


perce 


° Progreans EE/EPROMs, PALs, GALs, IFLs, EPLDs, MICROs, BIPOLARs. 

¢ Software driven pin drivers. D/A generated programming voltages. 

e@ Upgradeable for virtually any future programmable devices up to 40 pins. 

@ Self-subsistent operation. No additional modules or = in adapters required. 

Includes user friendly MEMORY BUFFER FULL S EDITOR. 

@ Friendly Menu-Driven interface. Device selection by P/N and manufacturer. 

¢ Supports 8/16/32 bit word, Intelligent I & I, Quick Pulse programming. 

© Functional testing, Register-Preload, FUSEMAP EDITOR for logic devices. 

© File formats accepted: Intel Hex 86/88, Tetronix Hex, Motorola S , JEDEC. 

© Customer support via voice line, dedicated BBS or fax. Full 1 year warranty. 

© Base price includes Interface card, cable, Memory device library and 1 year. 
free updates. Additional Device Libraries (Logic, Micros, Bipolars) $95ea. __ 

e Libraries updates available every 6 mo. and can be received via floppy or BBS. 


PC ee 8-SOCKET | 
GANG PROGRAMMER _ 


e Handles all memory devices to 32 pins. (Ugradéable uy up to 8 peer parts). 
e@ FULL SCREEN BUFFER EDITOR plus all applicable features from above. 
e Customer support via voice line, dedicated BBS or fax. Full 1 year warranty. 

@ Includes PC Interface card, Memory device library and 1 year free updates. 


m@ PROGRAM 16 AT ONCE—SAME OR SET 
@ 24, 28 OR 32 PIN EPROM’S 

m@ STAND ALONE AND MS-DOS DRIVEN 

@ INTELLIGENT DEVICE SELECTION 

m@ SIMPLE OPERATION 

m@ QUICK FLIP LCC AND SMT ADAPTERS 


AMERICAS BEST PROGRAMMERS 


Call today for datasheets! 


MC/ VISA / AMEX 


B&C MICROSYSTEMS INC. 


355 WEST OLIVE AVE., SUNNYVALE, CA 94086 
TEL: (408) 730-5511 FAX: (408) 730-5521 


CIRCLE NO 759 


SUNRISE ELECTRONICS, INC. 
524 South Vermont Avenue, Glendora, California 91740 
(818) 914-1926 


CIRCLE NO 760 


Analog Circuit Simulation 
IsSpice/286 Breaks the DOS Barrier 


Run Unlimited 
Size Simulations 
on Your PC 


IsSpice/286 $210, a 
complete Spice pro- 
gram that runs on 
80286 based PC's 
in extended mem- 
ory. Circuit size is 
only limited by the amount of extended memory. Simu- 
lates over 700 components per megabyte of RAM. 

IsSpice/386 $386, The fastest PC based Spice program 
1000 components per megabyte of extended RAM. 

IsSpice $95, Runs on any PC . AC, DC, and Transient. 


Special Graphics Turn Your PC into a Workstation 


SpicENet $295, Schematic editor for any Spice 
simulator. Generates a complete Srice netlist. 
IntuScope $250, Graphics post processor that 
performs all the functions of a digital oscilloscope. 
PreSpice $200, Extensive model libraries, Monte Carlo 
analysis and parameters sweeping. 


== P.O. Box 6607 (213) 833-0710 
San Pedro,CA 30 Day Money 


intusoft 90734-6607 —_— Back Guarantee 
CIRCLE NO 763 


SMART POWER 


For Military Avionics 


MIL SPEC 704 capable MPD8020 high voltage semi-custom 
array integrates logic and control on one chip. For displays, 
pin diode drivers, lamp drivers, compact actuator controls, 
relay drivers, fly-by-wire controls. * 80 V peak, 28 V oper- 
ating (>50% derated) * Wide environmental tolerance 
¢ High MTBF ¢ Small and lightweight. 

Tailored to your exact needs in 45 to 60 working days. 
For info and 16 page data sheet: 

(408) el ci 


ee Cea ere 


560 Oakmead Parkway, Sunnyvale, CA 94086 
CIRCLE NO 762 


FREE UV ERASER 
WITH DATA 1/0’S 280 
SET PROGRAMMER. 


For $1595 the 280 gives you: 

= 8 sockets for gang/set programming, 

= Support for EPROMs 
and EEPROMs 
up to 512K, 

= Full after-sale 
Support from 
Data |/O® 


ae a 
0.0025 0.008 0.01 


Time in Seconds 
ECA-2: For design engineers who hate to waste their time and money, ECA-2 
Electronic Circuit Analysis is a high performance, low cost, interactive analog 
circuit simulator. It reduces equipment expenses by eliminating the need for 
temperature chambers, signal generators, etc. Cuts weeks out of the design 
cycle time by simulating instead of prototyping. Available for a wide range 
of computers and operating aoe 


0.0075 


Frequently updated 

yo OC, ett pest real time mh 50 ne Order a 280 today and get a FR EE 

ourier, Temperature gr. © Money bac a 
sWiorscase, Mone + Hut ls san ee UV eraser—a $40 value. The Datarase || 

arlo e Interactive or batch compatible | | 

Fl AIR EE ceering rd pda erases up to 4 EPROMs in 3 minutes. 

rete and Expo- e dd nonlinear ° as a faster 

nential generators simulator than a wt = 

ECA-2 2.40 IBM PC 8775 1-800-247-5700 

Turn-key Systems Available Call for more info and FREE DEMO disk iP xt. 88 4 


orto DATA I/O 
3917 Research Park Dr. B-1, Ann Arbor, Mi 48108, USA 
ee Corporation 


CIRCLE NO 765 CIRCLE NO 766 


To advertise in Product Mart, call Joanne Dorian, ge 6415 
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| HE YEAR'S MOST IMPORTANT 
EVENT FOR ELECTRONICS 
DESIGN ENGINEERS IS COMING TO 
SAN FRANCISCO THIS NOVEMBER 


Here’s what Wescon/89 offers: 


e Over 1,200 exhibits 

e Thousands of live product demonstrations 
e Stimulating Professional Program sessions 
on subjects of real interest to today’s electron- 
ics community 

e Short courses designed to offer in-depth 
learning in a concentrated time frame 


If you are a system engineer, EE, mechanical 
or manufacturing engineer, or are involved in 
any step of the design process, Wescon has 
more to see, more to learn and more intrinsic 
value than any other electronics event this 
year. 


Automated Design Center 

Inaugurated at Wescon/88 in Anaheim, the 
highly successful Automated Design Center 
features a concentration of the most outstand- 
ing automated design exhibitors in the world. 
Time-tested, proven engineering workstations 
and automated design tools as well as new, 
state-of-the-art equipment. 


RF/Microwave 

A new RF/ Microwave section is being added 
to the exhibit area. Special sessions in the 
professional program will address important 
RF/microwave issues. 


Wescon is the most comprehensive design- 
oriented electronics exhibition and conference 
in the United States. Its 36 years of industry 
leadership assures you a rewarding experience 
with many positive, bottom-line results. 


ee oe eee 7 | 


-)Wescon/89® | 


| 
PLAN NOWTO ATTEND! For more information 
or a copy of the Wescon/89 Preview Program 
(available beginning in August) call 800/262-4208 
in Calif. or 800/421-6816 outside Calif. Or mail 
this coupon to: Wescon Special Activities, P.O. Box 
92275, World Postal Ctr., Los Angeles, CA 90009- 
2275. DO IT NOW! 


L) Register me for Wescon Exhibits, Professional 
Program 


| Company 

| Title , 

| Dept. or M/S 
| Phone 

| Address 

| City 

| State 

c 


| 

| 

| 

| 

| 

| 

: 

| 

ho | 
| Name —_________________—_ 
| 

| 

| 

| 

| 

| 

| 

| 

| 

| 


Sponsored by San Francisco Bay Area Council and Los Angeles Council, IEEE Northern and Southern California Chapters, ERA alp 


222 


EDN September 28, 1989 


Who looks for 
your input? 


The contribution 
of information, 
ideas, effort and 
opinion. Call it ee 
input. Call it col- — 
laboration. We at é 
Micron Technology, 
Inc. call it the essential ; 
foundation for industry success and professional 
satisfaction. 


Our open-mind policy encourages the input that 
makes us a leading supplier of dynamic random 
access memory (DRAM) components with a diver- 
sifying presence in static RAMs, video RAMs and 
other memory-intensive systems. As we continue 
to grow and champion America’s presence in 
memory technology, input 
from each and every one of 
our professionals is more im- 
portant than ever. 


Micron does. ' 


We're looking for your input, too. Right now. We 
have numerous opportunities at our Boise, Idaho 
headquarters for the best and brightest professionals. 


CMOS PROCESS DEVELOPMENT ENGINEERS 
Advance Etching, Surface Analyst—Auger/SIMS, Proc- 
ess Characterization, Process Integration 


CMOS WAFER FAB ENGINEERS— SUSTAINING 
Etch, Photo, Diffusion, Implant, Probe, Y/A Process 
Technician 


CLEANROOM EQUIPMENT TECHNICIANS 
Etch, Photo, Diffusion, Implant, Probe Card, Final 
Test, Y/A Process Technician 


TEST ENGINEERS 
IC Wafer Sort, IC Final Test 


CMOS PRODUCT DEVELOPMENT 
Component Product 


QUALITY ASSURANCE ENGINEERS 
Process Reliability, Failure Analysis, Packaging Relia- 
bility, Board Level QA, SPC 


Micron Technology, Inc. offers a comprehensive bene- 
fits package which includes insurance, profit sharing, 
education assistance, sabbatical leave and a stock-option 
plan. For immediate consideration, please send your 
resume to Micron Technology, Inc., Personnel Depart- 
ment EDN9.28, 2805 E. Columbia Road, Boise, ID 
83706. We are an equal opportunity employer. 


MICRON 


TECHNOLOGY, INC. 
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CAREER OPPORTUNITIES 


1989 Editorial Calendar and Planning Guide 


EDIN 


Issue Recruitment EDN News 
Date Deadline Editorial Emphasis Edition 
Oct. 26 Oct. 5 Test & Measurement 
Special Issue 
Computers & Peripherals Closing: Oct. 27 
eG Mailing: Nov. 16 

Nov. 9 Oct. 19 CAE, Integrated Circuits 
Nov. 23 Nov. 2 16th Annual wP/C Directory, Closing: Nov. 9 

Integrated Circuits Mailing: Nov. 30 
Dec. 7 Nov. 16 Product Showcase — 

Volume I, Closing: Nov. 22 

Power Supplies Mailing: Dec. 14 
Dec. 21 Nov. 30 Product Showcase — 


Volume II, Components 


Call today for recruitment advertising information: 


East Coast: Janet O. Penn (201) 228-8610 
West Coast: Paula Compton (714) 851-9422 
National: Roberta Renard (201) 228-8602 


PARALLEL 
PROCESSING 


B.S. or M.S. in EE and up to 10 years experience in 
microcomputer applications. Desire a knowledge of 
digital hardware and some background in board level 
computers. The position involves primarily software de- 
velopment with proficiency in assembly language (pref- 
erably 68000) required. Also desire some experience 
with either Pascal or C and UNIX operating systems. 
Exposure to parallel processing a plus. 


Sverdrup Technology, Inc. is a company engaged in 
providing skilled scientific, engineering and technical 
support for PROPULSION, ENERGY, and SPACE pro- 
grams for NASA Lewis Research Center in Cleveland, 
Ohio. 


Located in Middleburg Hts., Ohio, a pleasant small- 
town suburb of Cleveland, we offer a low cost of living 
and a high quality of life. We are minutes away from 
Lake Erie and water sports, and are surrounded by the 
famous Emerald Necklace Natural park system. 


If you qualify and are interested in joining our team of 
professionals, please submit your resume to: Bruce 
Cantwell, Personnel Manager, SV7ERDRUP 
TECHNOLOGY, INC., P.O. Box 30650-Midpark 
Branch, Middleburg Hts., OH 44130. Principals Only. 
No Phone Calls, Please. An Equal Opportunity 
Employer M/F/H/V. 


Sverdrup Sverdrup Technology, Inc. 
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ANALOG/DIGITAL 
DESIGNERS 
SOFTWARE ENGINEERS/ 
COMPUTER SCIENTISTS 


Join an expanding hardware/software development 
firm specializing in State-of-the-Art microprocessor 
based designs. We encourage employee initiative and 
creativity and offer opportunities for continued 
development of analytical and technical ability. 


e Prototype Development 

¢ Semi Custom Chip Design 

e OS/2 and Presentations Manager 
e Analog & Digital Design 

e Intel Microprocessors 


BS or MS and minimum 2 years 
experience required. 


Annapolis Micro Systems, Inc. 


612 Third Street, Suite 301 
Annapolis, Maryland 21403 
(301) 269-8096, (301) 261-2770 
FAX: (3801) 269-5624 


Magazine 
N Edition _ 

News 

Edition 


If you’re looking 
for work, 
just look here. 


Magazine 
Edition _ 


News 
Edition 


Databank Professional Profile 


Announcing a new placement service for professional engineers! 


To help you advance your career. Placement Services, Ltd. has formed the EDN 
Career News Databank. What is the Databank? It is a computerized system of 
matching qualified candidates with positions that meet the applicant's professional 
needs and desires. What are the advantages of this new service? 

e |t's absolutely free. There are no fees or charges. 


e The computer never forgets. When your type of job comes up, it remembers 
you're qualified. 


e Service is nationwide. You'll be considered for openings across the U.S. by 
PSL and it’s affiliated offices. 


e Your identity is protected. Your resume is carefully screened to be sure it will 
not be sent to your company or parent organization. 
e Your background and career objective will periodically be reviewed with you 
by a PSL professional placement person. 
We hope you're happy in your current position. At the same time, chances are there 
is an ideal job you'd prefer if you knew about it. That's why it makes sense for you 
to register with the EDN Career News Databank. To do so, just mail the completed 


IDENTITY PRESENT OR MOST RECENT EMPLOYER form below, along with a copy of your resume, to: Placement Services, Ltd., Inc. 

ii aes sas eee nay POSITION DESIRED _ 

armen ren - iene aie PREVIOUS POSITION: 

EDUCATION a (ae cent = oe 

Degrees (List) Owvision: Type of industry: Salary: secant 
Outies and Accomplishments: 


Duties and Accomplishments: 


Magazine 
Edition _ 


News 7 
Edition 


Databan 
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O Employed () Seit-Emptoyed O) Unempioyed 


O) oTHER 


A DIVISION OF 
PLACEMENT SERVICES LTD., INC. 


265 S. Main Street, Akron, OH 44308 216/762-0279 


Level of Security Clearance C) U.S. Ciuzen 


My identity may be released to: 0 Any employer 
O Al but present employer 


OO witt RELOCATE O witt NOT RELOCATE 
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ELECTRONICS 
TECHNICIANS 


The N.Y.C. Police Dept. is seek- 
ing qualified individuals to 
perform installations, mainte- 
nance and repair of police elec- 
tronics equip. and systems. 


Min. Req: Five yrs. of electron- 

ics exp.; FCC general license 

with radar endorsement. Sal. 

$40,000 + benefits. Preference 
iven to NYC residents. E.O.E. 
ontact William J. Fallon 

(718) 476-7539. 


HARDWARE/SOFTWARE ENGINEERS 
Needed in Beautiful Upcountry 
South Carolina 


Software Engineer — MS-DOS support programming. 
Design and implement device drivers, user interface, 
and BIOS programs. 8086 Assembly Language, 
MS-DOS, and C experience. Send resume to Mike 
Sanders, DIGITAL SEARCH, P.O. Box 63, Greer, S.C. 
29652. FAX: 803-879-2030. 


Knock, 
Knock. 


In EDN’s 
Magazine 
and News 
Editions, 
opportunity 
knocks all 
the time. 


Magazine 
Edition 
News 
Edition 
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SEEKING EXCEPTIONAL 
SENIOR DESIGN ENGINEERS 


INTERPHASE CORPORATION ... is seeking individuals to participate in 
the development of FDDI or RISC-based interface VMEbus products. 
Position leads to project-level management of other board-level and 

Standalone FDDI products as well as opportunities in an existing well- 
established Ethernet product development organization. Familiarity with 
UNIX as a development environment (user level) with five years 

design experience desired. 

HARDWARE ENGINEERS 

e Logic design using state-of-the-art CAD/CAE equipment. 

e High-speed memory system design using VRAM. 


e RISC microprocessor design experience desired. (M68000 design 
experience acceptable) 


e VMEbus architecture desired. 

e BSEE or equivalent required. Emphasis on high-speed microprocessor 
development. Firmware design a plus. 
SOFTWARE ENGINEERS 


e UNIX, Kernal I/O, TCP/IP or other protocol experience on super- 
microcomputer or mini-computer required. 


eC language programming experience required. 
e M68000 preferred. 


e BSCS or equivalent required. Emphasis on design of high-performance 
software interface. X.25 a plus. 


For immediate consideration, send resume to: 
HUMAN RESOURCES 


2925 Merrell Road 
Dallas, Texas 75229 
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TEST DRIVE 
YOUR 
RESUME. 


Tune up your resume, bring it to BPI TECH FAIR and watch it perform. 


You'll meet recruiters and top line management from the nation’s top 
technical companies. You'll discover fresh, new professional challenges. And you'll 
learn what you're really worth in today’s job market. 


Representatives from leading corporations will be on hand to interview 
qualified candidates at the following BPI TECH FAIR locations: 


September 25-26, November 7, Milwaukee, WI 
Raffles Hotel Denver S. E., Aurora, CO November 8-9, Chicago, IL 
September 27, November 13-14, Boston, MA 
Clarion Hotel, Colorado Springs, CO November 15, Braintree, MA 
October 2-3, Dallas, TX November 20-21, Washington, DC 
October 16-17, Los Angeles, CA December 4, Ft. Lauderdale, FL 
October 18, Woodland Hills, CA December 5, Melbourne, FL 
October 23-24, Minneapolis, MN December 6, Orlando, FL 


So come to the next BP] TECH FAIR in your area. It’s the job fair that puts 
you in the driver's seat. 


ECHIEAIEH 


THE NATION’S #1 JOB FAIR FOR ENGINEERING, SYSTEMS & SOFTWARE DEVELOPMENT PROFESSIONALS 


5 


et / ¢ 2985 Multifoods Tower ¢ 33 South Sixth Street ¢ Minneapolis, MN 55402 © (612) 370-0550 
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Practical, 
Hands-on Books for 


Engineers from CRC Press 


Design, Testing, and Construction 

By MICHAEL TOOLEY, B.A. 

A unique collection of practical working circuits which can 
be produced in the shortest possible time and without re- 
course to theoretical texts. All the circuits have been 
thoroughly tested and make use of commonly available 
low-cost components. Related circuits have been grouped 
together and cross-referenced so that readers can modify, 
extend and connect circuits to form more complex sys- 
tems. As far as possible, a common range of supply 
voltages, signal levels and impedances has been adopted. 
Ten test gear projects have also been included. 277 pp., pa- 
perback, 1987, ISBN-0-4349-1968-3. 


Catalog no. H1968RV...$34.95 


NEWNES COMPUTER ENGINEER’S 

POCKET BOOK 
By MICHAEL TOOLEY, B.A. 
An invaluable compendium of facts, figures, circuits and 
data that is indispensable to the designer, student, service 
engineer and all those interested in computer and micro- 
computer systems. This first edition covers a vast range of 
subjects at a practical level, with the necessary explanatory 
text. The data is presented in a succinct and rapidly acces- 
sible form so that the book can become part of an everyday 
toolkit.The contents are broadly arranged in a sequence of 
hardware, software and interfacing, from power supplies 
to support devices and manufacturers’ prefixes to operat- 
ing systems and languages. 203 pp., hardcover, 1987, 
ISBN-0-4349- 1967-5. 


Catalog no. H1967RV...$19.95 


DATA and COMPUTER SECURITY 

Dictionary of Standards, Concepts and Terms 
By DENNIS LONGLEY and MICHAEL SHAIN 
Data and Computer Security has been compiled by practi- 
tioners in the field and is the first dictionary of its kind. It 
is directed particularly at the non-specialist who is at some 
level a user of computing and communications facilities — 
especially in the areas of banking, finance, insurance, trade 
and industry or governmental applications.The object of 
the book is to help the non-expert to assess his security 
concerns, and to relate these in the context of accepted 
standards and codes of practice so that he or she may be in 
a position to initiate action. Another feature of the diction- 
ary is the extensive system of cross-referencing, enabling 
the reader to gain insight into the relationships that exist 
between the different concepts and terms. Softcover, 
1989, ISBN-0-8493-71 10-4. 


Catalog no. Z7110RV...$39.95 


ELECTRONIC ALARM 

CIRCUITS MANUAL 
By R.M. MARSTON 
Electronic alarms have many applications in the home, in 
industry, and in the car. They can be designed to be 
activated by physical contact or by body proximity, or by 
variations in light or heat levels, or in voltage, current, 
resistance or some other electrical property. They can be 
designed to give high-level audible outputs, as in the case 
of burglar alarms, or low-level visual outputs, as in the case 
of instrumentation alarms. 140 useful alarm circuits, of a 
variety of types, are shown in this volume. The operating 
principle of each one is explained in concise but compre- 
hensive terms, and brief construction notes are given 
where necessary. 124 pp., paperback, 1987, ISBN-O- 
4349-1214-X. 
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ELECTRONIC CIRCUITS HANDBOOK: 


OPTOELECTRONICS CIRCUITS 

MANUAL 
By R.M. MARSTON 
Optoelectronics is the study of any devices that pro- 
duce an electrically-induced optical (visible or invis- 
ible light) output, or an optically-induced electrical 
output, and of the electronic techniques and circuitry 
used for controlling such devices. This new manual is 
a useful single-volume guide to the optoelectronics 
device user, and is specifically aimed at the practical 
design engineer, technician, and experimenter, as 
well as the electronics student and amateur. Most of 
the ICs and other devices used are inexpensive and 
readily available types, with universally recognized 
type numbers. 182 pp., hardcover, 1988, ISBN-0- 
4349-1211-5. 
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a VMEbus USER’S HANDBOOK 


By STEVE HEATH 

The VMEbus User's Handbook provides a total sys- 
tem perspective and brings together the hardware and 
software aspects of designing with VMEbus. It is 
written in a readable, easy-to-understand format and 
provides much useful practical information. It covers 
the basic bus concepts behind VMEbus, operating 
systems, system integration and fault finding tech- 
niques, design methodology with case studies, design 
requirements, specialized applications, and future 
developments. The microprocessor aspects of 
VMEbus are based around the Motorola MC680x0 
microprocessor family because it is the most com- 
monly used processor for VMEbus boards. 320 pp., 
234x156 mm, 150 illustrations, 1989, ISBN-0-8493- 
7130-9. 
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FILTER HANDBOOK: 

A Practical Design Guide 
Edited by STEFAN NIEWIADOMSKI 
A guide to the process of electronic filter design and 
implementation, clearly written and without the 
enormous amount of mathematics usually found in 
books on this subject. c. 256 pp., 200 illus., 
hardcover, 1989, ISBN-0-8493-7131-7. 
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SENSORS and TRANSDUCERS 


By KEITH BRINDLEY 


It’s not easy to choose a transducer correctly for a | 


particular function. In many specifications, terms 
and procedures are referred to which might deter an 
engineer from using one that is, in fact, the best for 
the job. A greater knowledge of all types of transduc- 
ers capable of doing the task is the ideal, and only 
then can a totally satisfactory decision be made to 
use one in particular. The author brings together as 
much of the required information as possible in this 
components guide so that engineers can view 
transducers in perspective, and by category, and then 
make an informed choice. 153 pp., paperback, 
1988, ISBN-0-4349-018 1-4. 
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wary 1990 — An IMPORTANT NEW TENT 


Due J: 


UNIX WORKSHOP 


By ANDREAS I. PILAVAKIS 

Based on the author’s own practical experience as a lec- 
turer, training officer, analyst/programmer and consultant, 
this book will appeal both to the undergraduate student and 
to practicing UNIX users involved in the development or 
conversion of packages in UNIX. A wide spectrum of 
UNIX topics is covered concisely by including many prac- 
tical examples. A basic understanding of a high level 
language is assumed; for the more advanced topics dis- 
cussed, a working knowledge of C is required. 176 pp., 
softcover, 1989, ISBN-0-8493-7104-X. 
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NEWNES ELECTRONICS 
POCKET BOOK, 5" Edition 

By E. A. PARR 

Newnes Electronics Pocket Book has been in print for over 
twenty years and has covered the development of electron- 
ics from valve to semiconductor technology and from 
transistors to LSI integrated circuits and microprocessors. 
New descriptions of OpAmp applications and the design of 
digital circuits have been added. The majority of the book 
now deals with communications, computing and digital 
circuits, reflecting the increasing importance of the blanket 
topic of Information Technology. 315 pp., hardcover, 
1986, ISBN-0-4349-1519-X. 
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To be the best UNIVERSAL 
PROGRAMMER, you’ve got to set 


some pretty high standards. 


Stag’s Systems 3000 gives you 
standard features found in no <> 
other Universal Programmer. al 
Single Programming Station 
The System 3000 is designed to pro- 
gram PROMS, PLD’s and Microcom- 
puters in every known technology. The 
technology includes NMOS, CMOS, 
ECL, Fuse Link, AIM, DEAP and 
Isoplanar-Z. Surface mount devices 
can be programmed on an optional 
SMD chip-station. 


, 23 
a 


Master Pack 
73000 


Users can easily install the innovative 


‘Smart’ Card to update new Device 
Support Libraries in seconds. 


System 300 


Built-In CRT 

The System 3000 incorporates its 
own CRT display and keyboard 
allowing it to be used as a powerful 
stand-alone programmer. On-screen 
menus and prompts allow device selec- 
tion and all system operation functions 
to be easily executed. 

The System 3000 also gives you full- 
screen editing of both memory and 
logic data including test vectors. Light 
pen operation and custom Z-packs for 
life cycle testing and other specialized 
functions set the System 3000 apart 
from any other Universal Programmer. 


Interface Flexibility 

Four separate user interface ports, in- 
cluding two RS232C’s, an IEEE 488 
and a Handler Port, give the System 
3000 unrivaled flexibility for com- 
municating with peripheral equipment. 


Stag Microsystems Inc. 
1600 Wyatt Drive, Santa Clara, CA 95054 
Tel: (408) 988-1118 FAX#: (408) 988-1232 


Stag Microsystems Inc. 
3 Northern Boulevard, Amherst, NH 03031 
Tel: (603) 673-4380 FAX#: (603) 673-1915 


WORK WITH 
THE BEST 


Stand-Alone or Computer 
Operation 
All stand-alone functions are 
operational under remote 
control using either a mainframe 
or a personal computer. 


Instant Update Using a Memory 
Card 

A unique feature of the System 3000 is 
that all device libraries and program- 
ming algorithms are contained on a 
Memory Card that can be changed 
instantly by the user as new devices 
become available. Data access is con- 
siderably faster than floppy disk-based 
systems. 


Approved by Chip 
Manufacturers 

Semiconductor manufacturers’ approval 
of our programming algorithms assures 
the user of the highest yield and 
device reliability. 

Call us today for more information or a 
demonstration and find out how easy 
Universal Programming can be. 
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Sophisticated systems for the discerning engineer 


_ Please see us at EOS/ESD Symposium in New Orleans, Booth #519 
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SOLUTION 


to your marketing budget blues — 
the EDN Info Card Pack. At Ta¢ 
per name, the EDN Info Card Pack 
can reach over 123,000 engineering 
specifiers atfordably, 


Call Donna Pono at (617) 558-4282 for details. 
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From 
wireframe 
to solid with 
just a touch. 


Mentor Graphics lets electronic 
package designers automatically 
convert 3D wireframes to solid 
models. 

That’s right. The benefits of solid 
models. Directly from wireframe. 
Automatically. | 

Just enter your design using 
familiar, efficient wireframe tech- 


= vert to solids. With shaded 
images. Geometric and mass 
properties. And hidden line 
removal. | 
Package Station is the 
first CAE/CAD system de- 
signed expressly for the 
electronic package engineer. With geo- 
metric modeling, drafting, technical 
documentation and thermal analysis all 
in a single system. And tight links to 
Board Station, our PCB layout system. 

For the first time, PCB and package 
designers can share vital design infor- 
mation. Immediately. Accurately. And 
perform thermal analysis that includes 
conduction, forced convection and 
radiation. 

At last, you head off both mechani- 
cal and thermal problems before they 
ever reach manufacturing. 

So let us show you why we've got 
the right touch in electronic package 
design. 

Phone 1-800-547-7390. 


LOOKING AHEAD 


US electronic shipments 
increase 5.3% from mid-1988 


Despite predictions of a slightly 
slowing economy, US factory ship- 
ments of electronic equipment, com- 
ponents, and related products to- 
taled $127.7 billion for the first half 
of 1989, excluding imports, accord- 
ing to the Electronic Industries As- 
sociation (EIA) (Washington, DC). 
Last year’s first-half figure was 
$121.2 billion. 

The largest percentage increase 
was realized in the sale of electronic 
components, which totaled $25.9 
billion, more than 8% higher than 
last year’s $24 billion. Next came 
consumer electronics, which in- 
creased 6.4% to $15.2 billion. Ship- 
ments of communications equip- 
ment rose 4.8% to $33.2 billion from 
last year’s $31.7 billion, and sales 
of computers and industrial-sector 
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products increased by nearly 4% to 
$41 billion. 

The sale of other electronic- 
related products and services to- 
taled $25.1 billion—a 5.4% jump 
over last year’s figure. 


According to EIA, approximately 
21% of the total US electronic ship- 
ments over the first half of this 
year—approximately $27 billion— 
were composed of defense elec- 
tronics. 


High performance boosts 
demand for op amps 


The growing need for higher preci- 
sion is spurring sales of op amps. 
Meeting this need are high-per- 
formance op amps, which are be- 
coming increasingly popular. In vir- 
tually all areas of op-amp perform- 
ance, demand for high-performance 
devices will outpace the consump- 
tion of their standard counterparts, 
according to Venture Development 
Corp, a management consulting 
company based in Natick, MA. Op- 
amp revenues could reach $623 mil- 
lion this year, with high-perform- 
ance types accounting for incremen- 
tally larger shares of overall op-amp 
revenues. These revenues are pre- 
dicted to reach $853 million by 1992. 

Op amps with offset voltages at 
or below 1 mV currently account 
for more than 25% of the generated 
dollar volume. Applications for 
these op amps include automatic 
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_US SHIPMENTS OF OPERATIONAL AMPLIFIERS 


MILLIONS OF DOLLARS 


test equipment, industrial process 
controls, industrial data-acquisition 
systems, and medical instrumenta- 
tion. 

Roughly 17% of op amps shipped 


(SOURCE: VENTURE DEVELOPMENT COR 


at the present time have bias cur- 
rents rated at or below 100 pA, 15% 
have gain bandwidths of at least 10 
MHz, and 95% have output current 
ratings below 100 mA. 
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iki ae 
UL, CSA, VDE, SEV, SEMI 


Multilayer Ceramic Chip 
Capacitors 

Larger capacitances packed 
into more compact dimen- 
sions. Eminently suitable 
for automatic surface 
mounting. Bulk, magazine or 
reel packaging. 


Approved and recognized under the world’s most important safety standards, © ; 


TDK High Voltage Ceramic Capacitors give your 
products the edge in reliability. 


As a result of highly developed production technology, 
TDK’s unique copper electrodes prevent migration, resist extreme heat an 
promote excellent solderability. Efficient y 
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TDK. Your Reliable Partner For All Ceramic Capacitors. 
TDK manufactures a full line of ceramic capacitors. 
Whatever your needs, when talking quality capacitors, talk to TDK. 


Multilayer Ceramic Dipped 
Radial Lead Capacitors 
Ceramic dielectric remains 
unaffected by humidity. 
Additional coating in a 
fluidized bed process for 
exceptional reliability. 

0.1” and 0.2” lead pitch 
for automatic insertion. 


Multilayer Ceramic Molded 
Axial Lead Capacitors 
Molded in epoxy resin for 
high stability, reliability and 
mechanical strength. Reel 
packaging for easy 
automatic insertion. 


Ceramic Disc Capacitors 
—Class I, Il, Mil 

High dimensional accuracy 
for efficient automatic 
insertion on TDK Avisert® or 
similar equipment. Bulk or 
reel packaging. 


Ultra High Voltage 
Ceramic Capacitors 
Based on interhational TDK 
patents, these compact 
ceramic capacitors feature 
low loss and distortion. 
Voltage ratings 20, 30, 40— 
and 50kV. 


d humidity and 
absorption of line EMI is also a plus. 


CD type: oo 
Compatible with European Class st” 
“a. (forced insulation) equipment. sts 

> Only one capacitor needed forClassI. 
Nominal capacitance range:100-4700pF ts 
Rated voltage: 125 —400Vac — 
Withstanding voltage: 4000Vac 


Nominal capacitance range:100-10,000pF 
Rated voltage: 125—400Vac _ 
Withstanding voltage: 2500Vac 


Antenna Terminal Ceramic 
Capacitors 

UL recognized and CSA 
certified antenna terminal 
capacitors. Ceramic 
dielectric for top reliability. 
Rated 125V. Safety standards 
include UL-1414 and 

CSA C22.2. 


TDI. 


TDK CORPORATION OF AMERICA HEAD OFFICE 1600 Feehanville Drive, Mount Prospect, IL 60056, U.S.A. Phone: (312) 803-6100 CHICAGO REGIONAL OFFICE Phone: (312) 803-6100 INDIANAPOLIS _ 
REGIONAL OFFICE Phone: (317) 872-0370 NEW YORK REGIONAL OFFICE Phone: (516) 625-0151 LOS ANGELES REGIONAL OFFICE Phone: (213) 539-6631 DETROIT DISTRICT OFFICE Phone: 
(313) 353-9393 NEW JERSEY DISTRICT OFFICE Phone: (201) 736-0023 BOSTON DISTRICT OFFICE Phone: (508) 624-4262 HUNTSVILLE DISTRICT OFFICE Phone: (205) 464-0222 GREENSBORO 
DISTRICT OFFICE Phone: (919) 292-0012 DALLAS DISTRICT OFFICE Phone: (214) 506-9800 SAN FRANCISCO DISTRICT OFFICE Phone: (408) 437-9585 TDK CORPORATION. TOKYO, JAPAN. 
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SPECIFICATIONS 


Freq. Range(MHz) 


Insert. Loss (dB) 
10-100MHz 
100-1500MHz 
1500-3000MHz 

lsolation(dB) 
10-100MHz 
100-1500MHz 
1500-3000MHz 

1dB Compression(dBm) 


10-100MHz 
100-1500MHz 
1500-3000MHz 


VSWR(ON) 

Switching Time (usec) 
(from 50% TTL to 90% RF) 
Oper. Temp.(°C) 

Stor. Temp.(°C) 

Price (10-24) 
2361) 


TOSW-230 
ZSDR-230 
10-3000 

typ. max. 
ies: 19 
1 1.9 
1.8 24 
typ. min. 
60 40 
40 28 
35 22 
typ. min. 
17 6 

27 19 
30 28 
typ. max. 
13 1.6 
typ. max. 
2.0 40 
-55 to +100 
-55 to +100 
$39.95 

$89.95 


Ch 


ILT-IN DRIVERS 


TOSW-425 
ZSDR-425 
10-2500 

typ. max. 
1.3 1.7 
Tl PA 
1.8 20 
typ. min. 
60 40 
40 30 
35 ee 
typ. min. 
17 6 

et 12 
30 28 
typ. max. 
1.3 1.6 
typ. max. 
2.0 40 
-55 to +100 
-55 to +100 
$59.95 
$109.95 
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10 to 3000 


Now, high-speed, high-isolation switches with 

with built-in drivers, tough enough to pass stringent 
MIL-STD-202 tests. There’s no longer any need to hassle 
with the complexities of designing a TTL driver interface and 
then adding yet another component to your subsystem... it's 
already included in a rugged, low-cost, compact assembly. 
Available in the popular hermetically-sealed 

TO-8 package or a small EMI-shielded metal connectorized 
case, these tiny PIN-diode reflective switches, complete 

with driver, can operate over a 10 to 3000MHz span with a fast 
Qusec Switching speed. 

Despite their small size, these units offer 

isolation as high as 40dB(typ), insertion loss of only 1.1dB(typ), 
and a 1dB compression point of +27dBm over most of the 
frequency range. All models are TTL-compatible and operate from 
a dc supply voltage of 4.5 to 5.5 V with 1.8mA quiescent current. 
Switch to Mini-Circuits for highest quality 
innovative products...and leave the driving to us. 


finding new ways ... 
Setting higher stancards 


CJ Mini-Circuits 


A Division of Scientific Components Corporation 


P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 
Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 


WE ACCEPT AMERICAN EXPRESS 


F126 REV.A 


Wik betaess ater tea sities cans. 9 


Ik, the company that pushed virtually lossless current sensing. _BCDMOS technology, 
the limits of high-voltage smart All with circuits designed The IR8200 bridges IR’s 
Power, announces Victory "sw awe ese tO guard against under- undisputed DMOS leadership 
On another front: “ --~ "ss, voltage and overcurrent. and the superb bipolar analog 

Introducing = (e=-And an early warning _ circuitry of our development 
the new IR8200 ~~ ~~ @& - flag before over- partner, National Semiconductor, 
H Bridge for o™* temperature shutdown. Advance on all fronts. Ask 
low-voltage, high-current motor zz" Perfect protection for computer about the IR8200, the 
control. With up to 55V and 3A, peripherals. Plus the important — latest bridge taken 


and IR’s own HEXSense™ for advantages of high efficiency in the IRevolution. 


t¢R|INTERNATIONAL RECTIFIER 


WORLD HEADQUARTERS: 233 KANSAS ST., EL SEG UNDO, CA 90245, U.S.A. (213) 772-2000. TWX 910 348-6291, TELEX 472-0403. EUROPEAN HEADQUARTERS: HURST GREEN, OXTED. SURREY RH8 9BB, ENGLAND TELEPHONE (0883) 713215, TELEX 95219 
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THE UNISITE PROGRAMMER 
BECAUSE STATE-OF-THE-ART 
IS A STATE OF CHANGE 


PROGRAMMING TECHNOLOGY THAT 
SUPPORTS ADVANCED DESIGNS— 
TODAY AND TOMORROW. The 
UniSite™’s universal programming 
technology is the fastest and easiest 
way to keep up with new devices 
and packages. Its software-config- 
ured pin driver system provides a 
single site for programming any DIP 
device up to 48 pins, including PLDs, 
PROMs, IFLs, FPLAs, EPROMs, 
EEPROMs and microcontrollers. 
The optional ChipSite™ module 
supports logic, memory and micro- 


minal or from a PC using the provided 
terminal emulator. On-screen help 
messages are available throughout 
operation. 

To speed parts selection, the 
UniSite provides a built-in list of 
devices by manufacturer name and 
number. You can alSo save your most 
frequently used programming param- 
eters and jobs for instant recall. 


DESIGN FREEDOM FOR TOMORROW. 
When leading-edge designers need 
to use the latest devices, they need 
the programming freedom only the 


controllers in the most popular 
surface-mount packages—PLCCs, 


LCCs and SOICs. Or add SetSite™ 
to gang program up to eight 40-pin 


EPROMs, or set program a single file 


into multiple ERPROMs. 


INSTANT ACCESS TO NEW DEVICES. 
The UniSite’s device algorithms and 


system software are stored on 3/2" 


Data I/O Corporation 10525 Willows Road N.E., P.O. Box 97046, Redmond, WA 98073-9746, U.S.A. (206) 867-6899/ Telex 15-2167 

Data I/O Canada 6725 Airport Road, Suite 302, Mississauga, Ontario L4V 1V2 (416) 678-0761 

Data I/O Europe World Trade Center, Strawinskylaan 633, 1077 XX Amsterdam, The Netherlands + 31 (0)20-6622866/ Telex 16616 DATIO NL 
Data I/O Japan Sumitomoseimei Higashishinbashi Blidg., 8F, 2-1-7, Higashi-Shinbashi, Minato-Ku, Tokyo 105, Japan 


(03) 432-6991/ Telex 2522685 DATAIO J 
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micro diskettes, which are updated 
several times per year. To update 
the UniSite, simply load new master 
diskettes. 


FAST, EASY PROGRAMMING. Menu- 
driven operation with step-by-step 
prompts makes programming simple. 
or added convenience, you can 
operate the UniSite from an ASCII ter- 


UniSite provides. Call Data |/O® today, 
and ask about the UniSite. Because 
state-of-the-art never stops changing. 


-800-247-5700 
Ext. 673 


DATA I/O 


Corporation 
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